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RESEARCH  SUMMARY 


A  land-classification  system  based  upon  potential  natural  vegetation 
is  presented  for  the  forests  of  Montana.  It  is  based  on  an  intensive 
4-year  study  and  reconnaissance  sampling  of  about  1,500  stands.  A 
hierarchical  classification  of  forest  sites  was  developed  using  the  habitat 
t3^e  concept.  A  total  of  9  climax  series,  64  habitat  types,  and  37  addi- 
tional phases  of  habitat  types  are  defined.  A  diagnostic  key  is  provided 
for  field  identification  of  the  types  based  on  indicator  species  used  in 
development  of  the  classification. 

In  addition  to  site  classification,  descriptions  of  mature  forest  com- 
munities are  provided  with  tables  to  portray  the  ecological  distribution 
of  all  species.  Potential  productivity  for  timber,  climatic  characteris- 
tics, and  surface  soil  characteristics  are  also  described  for  each  type. 
Preliminary  implications  for  natural  resource  management  are  provided, 
based  on  field  observations  and  current  information. 


INTRODUCTION 


Natural  resource  managers  and  researchers  in  Montana  have  found  that  existing  for- 
est cover-type  classifications  and  site  classifications  have  not  been  adequate  for  their 
needs.     Forest  cover-type  classifications  are  based  only  on  the  current  (often  early 
successional)  tree  species.     Thus,  they  often  encompass  a  wide  range  of  environmental 
conditions;  for  example,  one  cover  type  might  include  saplings  on  clearcut  sites  in  one 
environment  and  400-year-old  climax  forests  in  a  totally  different  environment.  More- 
over, the  cover  type  on  a  given  site  is  always  changing  with  advancing  succession  or 
sudden  disturbance  (such  as  fire,  logging,  insect  damage,  or  windthrow) . 

Existing  site  classifications  are  usually  of  limited  value  because  they  are  in- 
tended for  use  in  a  certain  resource  specialty.    Also,  they  often  have  little  relation 
to  forest  vegetation,  even  though  the  vegetation  represents  a  detailed  expression  of 
the  overall  environment  and  is  itself  a  primary  object  of  management. 

We  need  a  better  classification  system  for  forest  communities  and  the  sites  on 
which  they  develop  for  three  reasons: 

1.  Communication . --Land  managers  and  research  specialists  dealing  with  several 
disciplines  need  a  common  system  for  describing  forest  communities  and  sites. 

2.  Management  interpretations . --Land  managers  must  be  able  to  make  intelligent 
prescriptions  for  manipulating  vegetation  based  on  knowledge  of  the  ecological  poten- 
tial of  the  land. 

3.  Research  application. --Researchers  can  improve  sampling  design  and  layout  of 
experiments  by  use  of  an  ecological  classification. 

The  habitat  type  approach  to  classification  of  forest  sites  was  developed  more 
than  20  years  ago  by  Daubenmire  (1952)  for  forests  of  northern  Idaho  and  eastern  Wash- 
ington.    His  original  classification,  and  a  subsequent  revision  (R.  and  J.  Daubenmire 
1968),  have  proven  useful  in  forest  management  and  research  (Layser  1974;  Pfister  1976). 
Thus,  after  examining  various  approaches  to  forest  ecosystem  classification,  the  Inter- 
mountain  Forest  and  Range  Experiment  Station  and  the  Northern  Region  of  the  USDA  Forest 
Service  began  a  cooperative  study  in  1971  to  develop  this  forest  habitat  type  classifi- 
cation for  Montana. 

Objectives  and  Scope 

The  objectives  of  this  study  were: 

1.  To  develop  a  habitat  type  classification  for  the  forested  lands  of  Montana 
based  on  the  potential  vegetation. 

2.  To  describe  the  general  geographic,  physiographic,  climatic,  and  edaphic 
(see  the  Glossary,  appendix  G,  for  definitions)  features  of  each  type. 
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3.  To  describe  the  mature  forest  communities  (late  serai)  as  well  as  the  poten- 
tial climax  communities  (associations)  characteristic  of  each  t>TDe. 

4.  To  present  information  on  successional  development,  timber  productivity 
potential,  and  other  biological  observations  of  importance  to  forest  land  managers. 

5.  To  develop  and  test  a  reconnaissance-plot  method  of  data  gathering  that  would 
permit  accurate  habitat  ty^e  classification  in  a  minimum  period  of  time. 

The  area  of  Montana  studied  includes  10  National  Forests  and  adjacent  public  and 
private  forest  lands  (fig.  1).     Not  included  were  aspen  grovelands  of  north-central 
Montana,  coniferous  forests  of  the  Bearpaw  Mountains  and  the  Little  Rockies,  the  pon- 
derosa  pine  woodlands  of  the  Missouri  River  breaks,  bottomland  hardwood  forests  of 
major  floodplains,  and  minor  areas  of  Rocky  Mountain  juniper  woodlands  scattered  through- 
out the  State.     (Researchers  from  the  University  of  Montana  School  of  Forestry,  are 
currently  conducting  a  study  of  forest  habitat  types  in  north-central  Montana  which  is 
scheduled  for  completion  in  December  1978.) 


F-tgure  1. — Geographic  subdivisions  and  National  Forests  of  Montana. 
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METHODS 


Plot  Sampling 

Mature  stands  were  sampled  along  elevational  transects  at  selected  locations 
throughout  forested  areas  of  western,  central,  and  southeastern  Montana  in  an  attempt 
to  represent  the  full  range  of  environmental  conditions  and  later  successional  stages 
(fig.  2).     Sampling  was  conducted  on  temporary  375-m^  (about  one-tenth  acre)  circular 
plots,  referenced  so  that  relocation  would  be  possible.     Transects  were  dispersed  with 
the  goal  of  essentially  blanketing  the  Montana  Rockies  to  the  extent  possible  in  three 
summers  of  field  sampling  by  two  to  three  sampling  teams. 

SECONDARY 
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SHADE 
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TREES 


MID- 
TOLERANT 
TREES 


INTOL- 
ERANT 


TREES 


SHRUB 


HERBA- 
CEOUS 


t       t       t      t      t      t      t      t  t 
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Thuja       Tsuga       Abies  Pinus 
plicata    heterophylla  lasiocarpa  contorta 


FOREST  SERIES  CLASSIFICATION 

Figure  2. — Generalized  sucaessional  stages  of  each  forest  series^  showing  the  types 
of  stands  sampled  as  the  basis  for  our  habitat  type  classification. 
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The  usual  procedure  of  stand  selection  was  for  the  team  leader  to  travel  the 
transect  routes  by  vehicle,  keeping  a  mileage  log  and  taking  notes  on  the  patterns  of 
forest  communities.     While  brief  stops  were  made  to  inspect  undergrowth,  changes  in 
overstory  and  general  undergrowth  patterns  could  be  observed  from  a  moving  vehicle. 
The  extent  of  apparently  homogeneous  communities  of  trees  and  undergrowth,  transitions 
into  other  communities,  and  topographic  and  edaphic  features  were  noted.     At  the  end 
of  each  transect,  the  mileage  log  and  notes  were  inspected  and  a  plan  was  formulated  to 
sample  representative,  relatively  mature  forest  communities  on  the  trip  back.  The 
number  of  sample  plots  depended  upon  the  availability  of  mature  stands  and  the  apparent 
diversity  of  forest  communities. 

Sample  plots  were  located  in  representative  portions  of  the  selected  stands,  with 
special  attempts  made  to  avoid  edge  effects,  obvious  ecotones,  openings,  unusually  dense 
clumps,  recent  disturbances,  and  microsites  (rock  outcrops,  seep  areas,  or  swales).  The 
emphasis  was  on  sampling  stands  without  any  preconceived  idea  of  a  classification  system. 
Independent  sampling  by  the  three  teams  helped  minimize  the  influence  of  possible  in- 
dividual biases.     The  transect  (with  stand  selection)  approach  also  had  the  advantage 
of  emphasizing  observations  of  forest  community  patterns  on  the  landscape  that  were 
helpful  in  constructing  the  classification. 

Random  and  systematic  systems  of  stand  selection  were  rejected  because  they  would 
be  very  inefficient.     They  would  oversample  abundant  communities  and  undersample 
scarcer  ones.    Also,  many  plots  would  fall  on  ecotones,  in  disturbed  areas,  or  in  het- 
erogeneous places  within  a  stand,  providing  samples  of  little  use  for  developing  a 
habitat  type  classification. 

In  each  375-m^  plot,  tree  species  were  tallied  by  2-inch  d.b.h.  classes.  Saplings 
between  0.5  and  4.5  feet  in  height  were  recorded  in  a  50-m^  plot.     Canopy  coverage  of 
each  vascular  plant  species  was  estimated  by  assigning  one  of  the  following  seven  cover- 
age classes:  +  =  present  in  stand  but  not  in  plot,  T  =  0  to  1  percent  coverage,  1=1 
to  5  percent,  2  =  5  to  25  percent,  3  =  25  to  50  percent,  4  =  50  to  75  percent,  5  =  75 
to  95  percent,  6  =  95  to  100  percent.     These  classes  were  modified  from  Daubenmire 
(1959) .     Coverage  class  for  each  undergrowth  species  was  estimated  for  the  entire 
375-m^  plot  rather  than  for  a  series  of  small  quadrats,  as  is  the  usual  procedure 
(R.  and  J.  Daubenmire  1968).     This  approach  seemed  efficient  for  providing  data  on 
species  presence  and  percent  coverage.     With  a  little  practice  and  teamwork  (including 
practice  layouts  of  areas  within  the  plot  representing  1,  5,  and  25  percent),  the 
samplers  were  able  to  visualize  and  estimate  coverage  of  grasses,  forbs,  shrubs,  and 
trees  using  this  one  method.     Although  accuracy  may  be  somewhat  lower  than  that  obtained 
by  estimating  coverage  classes  in  small  quadrats,  the  number  of  plots  can  be  increased 
two-  to  fourfold,  allowing  for  much  better  coverage  of  the  forest  communities.     Also,  the 
coverage-class  values  obtained  can  be  used  directly  in  association  tables  or  ordinations. 

A  relatively  free-growing  tree  of  each  tree  species,  if  available,  was  measured 
for  height,  age,  and  d.b.h.  to  estimate  site  potential  by  species.     (Suitable  site 
trees  were  generally  not  available  in  the  denser  old-growth  stands.)    Maximum  heights 
of  old-growth  trees  were  also  measured. 

Thicknesses  of  the  litter,  fermentation,  and  humus  layers  were  measured  at  three 
locations  in  the  plot.  Samples  of  the  upper  20  cm  of  mineral  soil  were  collected  for 
laboratory  analysis  along  with  samples  of  the  parent  material. 

Observations  were  made  on  fire  history,  insect  and  disease  occurrence,  animal  use, 
and  environmental  positions  of  the  stand  in  relation  to  adjoining  stands. 

During  the  summer  of  1971  a  total  of  429  stands  were  sampled  by  three  teams 
throughout  northwestern  and  west-pentral  Montana  (fig.   1)-     Data  from  previous  studies 
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were  used  whenever  possible,   including  those  collected  by  James  R.  Habeck  (University 
of  Montana)  and  his  students,   12  of  R.  and  J.  Daubenmires '    (1968)  Montana  plots,  and 
85  stands  previously  sampled  by  Pfister  (unpublished  reports)  and  Arno   (1970).  Al- 
though different  sampling  methods  were  used  in  these  studies,  the  data  could  be 
adapted  to  our  reconnaissance  system.     The  combined  data  formed  the  basis  for  the  pre- 
liminary habitat  t>^e  classification  of  northwestern  and  west-central  Montana  in  1972, 
which  covered  the  Kootenai,  Flathead,  Lolo,  and  Bitterroot  National  Forests  and  adjacent 
areas  (f ig .   1)  . 

The  following  summer  (1972)  ,  a  total  of  591  stands  were  sampled  by  three  teams  in 
central,  southwestern,  south-central,  and  southeastern  Montana.     These  were  the  basis 
for  the  second  preliminary  classification  in  1973,  which  covered  the  Deerlodge,  Beaver- 
head, Helena,  Lewis  and  Clark,  Gallatin,  and  Custer  National  Forests  and  intervening 
areas  (fig .  1)  . 

During  the  field  season  of  1973  an  additional  249  stands  were  sampled  in  areas 
where  previous  data  were  scant.     About  50  additional  stands  were  sampled  during  1974 
and  1975.     The  current  classification  of  forest  habitat  tN-pes  throughout  Montana  was 
based  on  a  compilation  of  all  these  data. 

Office  Procedures 

The  chronological  development  of  our  classification  is  outlined  as  follows: 

1.  We  made  a  subjective  first  grouping  of  possible  t>^es  at  the  end  of  the  19^1 
and  1972  field  seasons. 

2.  IVe  constructed  several  index-of-similarity  ordinations   (Bray  and  Curtis  1957) 
to  array  the  stands  graphically  on  the  basis  of  their  species  composition  and  coverage 
data.     Because  of  the  large  number  of  stands,  we  grouped  them  by  climax  series  (fig.  2) 
prior  to  ordination.     We  also  gained  insight  to  potential  groupings  of  similar  stands 
and  the  use  of  various  species  as  indicators  through  analyzing  the  distributions  of 
individual  species  on  the  ordinations. 

3.  We  developed  a  classification  of  tN^pes  and  phases  by  comparing  the  first 
grouping  with  the  ordination.     At  this  time,  as  well  as  at  each  successive  revision,  we 
used  association  tables  to  test  each  stand  against  habitat  t\'pe  and  phase  parameters, 

4.  We  inspected  geographic  location,  elevation,  topographic  position,  soils,  etc., 
to  insure  that  specific  environmental  patterns  could  be  related  to  each  habitat  type 
and  phase. 

5.  We  corrected  terminology  for  the  t>pes  to  express  the  inter-relationships  of 
our  types  as  clearly  as  possible  and  to  correlate  them  with  R.  and  J.  Daubenmire  (1968) 
whenever  appropriate. 

6.  We  used  the  phase  as  a  classification  unit  to  subdivide  habitat  t>T)es  where 
appropriate.     In  some  cases  a  phase  represents  a  broad  transition  between  two  adjacent 
habitat  types,  and  it  may  occupy  major  areas  of  the  forest  landscape--for  example, 
ABLA/CLUf^  h.t.,  MEFE  phase.     (Because  of  frequent  reference  to  habitat  type  names,  abbre- 
viations are  used  for  convenience  throughout  this  report;  these  are  shoun  in  table  1.) 

In  other  cases  a  phase  represents  a  difference  of  vegetation  dominance  in  a  third  layer, 
whereas  the  habitat  t>'pe  is  defined  by  dominants  or  indicator  species  in  two  layers 
(e.g.,  PIPO/PUTR  h.t.'  AGSP  and  FEW  phases )  . 

7.  We  presented  the  preliminary . classifications ,  with  brief  descriptions  of  each 
type,  at  training  sessions  in  1972  and  in  1973.     These  were  immediately  put  into  use 
on  the  National  Forests.     We  solicited  evaluations  from  users  of  the  preliminary 
classification,  and  attempted  to  rectify  problems,  often  by  conducting  more  field 
sampling  of  problem  stands. 
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Table  \. --Montana  forest  habitat  types 


ADP 
code^ 

•  Abbreviation 

Habitat  types  and  phases 

•                   Scientific  names  • 

Common  names 

010 

SCREE 

000 

PINUS  FLEXILIS  CLIM.AX  SERIES 

040 

PIFL/AGSP  h.t. 

Pinus  f lexilis/Agrop)Ton  spicatum  h.t. 

limber  pine/bluebunch  wheat grass 

050 

PIFL/FEID  h.t. 

Pinus  f lexilis/Festuca  idahoensis  h.t. 

limber  pine/ Idaho  fescue 

051 

-FEID  phase 

-Festuca  idahoensis  phase 

-Idaho  fescue  phase 

052 

-FESC  phase 

-Festuca  scabrella  phase 

-rough  fescue  phase 

070 

PIFL/JUCO  h.t. 

Pinus  f lexilis/Juniperus  communis  h.t. 

limber  pine/common  juniper 

100 

PINUS  PONDEROSA  CLIMAX  SERIES 

110 

PIPO/AND  h.t. 2 

Pinus  ponderosa/Andropogon  spp.  h.t. 

ponderosa  pine/bluestem 

130 

PIPO/AGSP  h.t. 

Pinus  ponderosa/Agrop\T:on  spicatum  h.t. 

ponderosa  pine/bluebunch  wheatgra 

140 

PIPO/FEID  h.t. 

Pinus  ponderosa/Festuca  idahoensis  h.t. 

ponderosa  pine/Idaho  fescue 

141 

-FEID  phase 

-Festuca  idahoensis  phase 

-Idaho  fescue  phase 

142 

-FESC  phase 

-Festuca  scabrella  phase 

-rough  fescue  phase 

160 

PIPO/PUTR  h.t. 

Pinus  ponderosa/Purshia  tridentata  h.t. 

ponderosa  pine/bitterbrush 

161 

-AGSP  phase 

-Agropyron  spicatum  phase 

-bluebunch  wheatgra 

phase 

162 

-FEID  phase 

-Festuca  idahoensis  phase 

-Idaho  fescue  phase 

170 

PIPO/SYAL  h.t. 

Pinus  ponderosa/S>Tnphoricarpos  albus  h.t. 

ponderosa  pine/snowberry 

171 

-SYAL  phase 

-S\'mphoricarpos  albus  phase 

-snowberry  phase 

172 

-BERE  phase 

-Berberis  repens  phase 

-creeping  Oregon 

grape  phase 

180 

PIPO/PRVI  h.t. 

Pinus  ponderosa/Prunus  virginiana  h.t. 

ponderosa  pine/chokecherry 

181 

-PRVI  phase 

-Prunus  virginiana  phase 

-chokecherry  phase 

182 

-SHCA  phase 

-Shepherdia  canadensis  phase 

-buf faloberry  phase 

200 

PSEUDOTSUGA  MENZIESII  CLIMAX  SERIES 

210 

PSME/AGSP  h.t. 

Pseudotsuga 

menziesii/AgropNTon  spicatum  h.t. 

Douglas-f ir/bluebunch  wheatgrass 

220 

PSME/FEID  h.t. 

Pseudotsuga 

menziesii/Festuca  idahoensis  h.t. 

Douglas-f ir/Idaho  fescue 

230 

PSME/FESC  h.t. 

Pseudotsuga 

menziesii/Festuca  scabrella  h.t. 

Douglas-fir/rough  fescue 

250 

PSME/VACA  h.t. 

Pseudotsuga 

menziesii/Vaccinium  caespitosum  h.t. 

Douglas-f ir/dwarf  huckleberry 

260 

PSME/PHMA  h.t. 

Pseudotsuga 

menziesii/Physocarpus  malvaceus  h.t. 

Douglas-f ir/ninebark 

261 

-PHMA  phase 

-Physocarpus  malvaceus  phase 

-ninebark  phase 

262 

-CARU  phase 

-Calamagrostis  rubescens  phase 

-pinegrass  phase 

280 

PSME/VAGL  h.t. 

Pseudotsuga 

menziesii/Vaccinium  globulare  h.t. 

Douglas-fir/blue  huckleberry 

281 

-VAGL  phase 

-Vaccinium  globulare  phase 

-blue  huckleberry  phase 

282 

-ARIA'  phase 

-Arctostaphylos  uva-ursi  phase 

-kinnikinnick  phase 

283 

-XETE  phase 

-Xerophyllum  tenax  phase 

-beargrass  phase 

290 

PSME/LIBO  h.t. 

Pseudotsuga 

menziesii/Linnaea  borealis  h.t. 

Douglas-f ir/twinf lower 

291 

-SYAL  phase 

-Symphoricarpos  albus  phase 

-snowberry  phase 

292 

-CARU  phase 

-Calamagrostis  rubescens  phase 

-pinegrass  phase 

293 

-VAGL  phase 

-Vaccinium  globulare  phase 

-blue  huckleberry  phase 

310 

PSME/SYAL  h.t. 

Pseudotsuga 

menziesii/S\'mphoricarpos  albus  h.t. 

Douglas-f ir/ snowberry 

311 

-AGSP  phase 

-.Agrop%Ton  spicatum  phase 

-bluebunch  wheatgrass 

phase 

312 

-CARU  phase 

-Calamagrostis  rubescens  phase 

-pinegrass  phase 

313 

-SYAL  phase 

-Symphoricarpos  albus  phase 

-snowberry  phase 

320 

PSME/CARU  h.t. 

Pseudotsuga 

raenziesii/Calamagrostis  rubescens  h.t. 

Douglas-f ir /pinegrass 

321 

-AGSP  phase 

-Agropyron  spicatum  phase 

-bluebunch  wheatgrass 

phase 

322 

-ARU\'  phase 

-Arctostaphylos  uva-ursi  phase 

-kinnikinnick  phase 

323 

-CARU  phase 

-Calamagrostis  rubescens  phase 

-pinegrass  phase 

324 

-PIPO  phase 

-Pinus  ponderosa  phase 

-ponderosa  pine  phase 

330 

PSME/CAGE  h.t. 

Pseudotsuga 

menziesii/Carex  geyeri  h.t. 

Douglas-fir/elk  sedge 

340 

PSME/SPBE  h.t. 

Pseudotsuga 

menziesii/Spiraea  betulifolia  h.t. 

Douglas-fir/white  spiraea 

350 

PSME/ARUV  h.t. 

Pseudotsuga 

menziesii/Arctostaphylos  uva-ursi  h.t. 

Douglas-f ir/k inn ik inn ick 

360 

PSME/JUCO  h.t. 

Pseudotsuga 

menziesii/Juniperus  communis  h.t. 

Douglas-f ir/coramon  juniper 

370 

PSNfE/ARCO  h.t. 

Pseudotsuga 

menziesii/Arnica  cordifolia  h.t. 

Douglas-f ir/heartleaf  arnica 

380 

PSME/SYOR  h.t. 2 

Pseudotsuga 

menziesii/Symphoricarpos  oreophilus  h.t. 

Douglas-fir/mountain  snowberry 

400 

PICEA  CLIMAX  SERIES 

410 

PICEA/EQAR  h.t. 

Picea/Equisetum  arvense  h.t. 

spruce/common  horsetail 

420 

PICEA/CLUN  h.t. 

Picea/Clintonia  uniflora  h.t. 

spruce/queencup  beadlily 

421 

-VACA  phase 

-Vaccinium  caespitosum  phase 

-dwarf  huckleberry  phase 

422 

-CLUN  phase 

-Clintonia  uniflora  phase 

-queencup  beadlily  phase 

430 

PICEA/PHMA  h.t. 

Picea/Physocarpus  malvaceus  h.t. 

sprue e/ninebark 

440 

PICEA/GATR  h.t. 

Picea/Galium  triflorum  h.t. 

spruce/sweetscented  bedstraw 

450 

PICEA/VACA  h.t. 

Picea/Vaccinium  caespitosum  h.t. 

spruce/dwarf  huckleberry 

460 

PICEA/SEST  h.t. 

Picea/Senecio  streptanthifolius  h.t. 

spruce/cleft- leaf  groundsel 

461 

-PSME  phase 

-Pseudotsuga  menziesii  phase 

-Douglas-fir  phase 

462 

-PICEA  phase 

-Picea  phase 

-spruce  phase 

470 

PICEA/LIBO  h.t. 

Picea/Linnaea  borealis  h.t. 

spruce/ twin flower 

480 

PICEA/SMST  h.t. 

Picea/Smilacina  stellata  h.t. 

spruce/starry  Solomon's  seal 

500 

ABIES  GRWDIS  CLIMAX  SERIES 

510 

ABGR/XETE  h.t. 

Abies  grandis/Xerophyl lum  tenax  h.t. 

grand  f ir/beargrass 

520 

ABGR/CLUN  h.t. 

Abies  grandis/Clintonia  uniflora  h.t. 

grand  fir/queencup  beadlily 

521 

-CLUN  phase 

-Clintonia  uniflora  phase 

-queencup  beadlily  phase 

522 

-ARNU  phase 

Aralia  nudicaulis  phase 

-wild  sarsaparilla  phase 

523 

-XETE  phase 

-Xerophyllum  tenax  phase 

-beargrass  phase 

590 

ABGR/LIBO  h.t. 

Abies  grandis/Linnaea  borealis  h.t. 

grand  fir/twinf lower 

591 

-LI BO  phase 

-Linnaea  borealis  phase 

-twinflower  phase 

592 

-XETE  phase 

-Xerophyllum  tenax  phase 

-beargrass  phase 

(con. ) 
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Table  1. --  (con. ) 


ADP 
code^ 


Abbreviation 


Scientific  names 


Habitat  types  and  phases 


Common  names 


501 

530 
531 

532 

533 
550 

502 

570 
571 

572 

600 

700 

610 
620 
621 
622 
623 
624 
625 
630 
640 
650 
651 
653 

654 
660 
661 
662 
663 
670 
680 
690 
691 

692 


710 
720 
730 
731 
732 

733 

740 
750 
770 
780 
790 
791 
792 

800 

810 
820 

830 
831 

832 
840 
841 

842 

890 

850 
860 
870 

900 

910 
920 
930 
940 
950 


THPL/CLUN  h.t. 
-CLUN  phase 

-ARNU  phase 

-MEFE  phase 
THPL/OPHO  h.t. 


TSHE/CLUN  h.t. 
-CLUN  phase 

-ARNU  phase 


ABLA/OPHO 
ABLA/CLUN 
-CLUN 
-ARNU 
-VACA 
-XETE 
-MEFE 
ABLA/GATR 
ABLA/VACA 
ABLA/CACA 
-CACA 
-GATR 


h.t. 
h.t. 

phase 

phase 

phase 

phase 

phase 

h.t. 

h.t. 

h.t. 

phase 

phase 


-VACA  phase 

ABLA/LIBO  h.t. 
-LIBO  phase 
-XETE  phase 
-VASC  phase 

ABLA/MEFE  h.t. 

TSME/MEFE  h.t. 

ABLA/XETE  h.t. 
-VAGL  phase 

-VASC  phase 


TSME/XETE  h.t. 

ABLA/VAGL  h.t. 

ABLA/VASC  h.t. 
-CARU  phase 
-VASC  phase 

-THOC  phase 


ABLA/ALSI 
ABLA/CARU 
ABLA/CLPS 
ABLA/ARCO 
ABLA/CAGE 


-CAGE  phase 
-PSME  phase 


ABLA/RIMO  h.t. 2 
ABLA-PIAL/VASC 

h.t. 
ABLA/LUHI 

-VASC  phase 

-MEFE  phase 
TSME/LUHI  h.t. 2 
-VASC  phase 

-MEFE  phase 


PIAL-ABLA  h.t.s 
LALY-ABLA  h.t.s 
PIAL  h.t.s 


PICO/PUTR  h.t. 
PICO/VACA  c.t. 
PICO/LIBO  c.t. 
PICO/VASC  c.t. 
PICO/CARU  c.t. 


THUJA  PLICATA  CLIMAX  SERIES 

Thuja  plicata/CIintonia  uniflora  h.t. 

-Clintonia  uniflora  phase 

-Aralia  nudicaulis  phase 

-Menziesia  ferruginea  phase 
Thuja  plicata/Oplopanax  horridum  h.t. 

TSUGA  HETEROPHYLLA  CLIMAX  SERIES 

Tsuga  heterophyl la/CI intonia  uniflora  h.t. 

-Clintonia  uniflora  phase 

-Aralia  nudicaulis  phase 

ABIES  LASIOCARPA  CLIMAX  SERIES 
Lovjer  subalpine  h.t.s 

Abies  lasiocarpa/Oplopanax  horridum  h.t. 

Abies  lasiocarpa/Clintonia  uniflora  h.t. 

-Clintonia  uniflora  phase 
-Aralia  nudicaulis  phase 
-Vaccinium  caespitosum  phase 
-Xerophyllum  tenax  phase 
-Menziesia  ferruginea  phase 

Abies  lasiocarpa/Galium  triflorum  h.t. 

Abies  lasiocarpa/Vaccinium  caespitosum  h.t. 

Abies  lasiocarpa/Calamagrostis  canadensis  h.t. 

-Calamagrostis  canadensis  phase 
-Galium  triflorum  phase 

-Vaccinium  caespitosum  phase 

Abies  lasiocarpa/Linnaea  borealis  h.t. 

-Linnaea  borealis  phase 
-Xerophyllum  tenax  phase 
-Vaccinium  scopariura  phase 

Abies  lasiocarpa/Menziesia  ferruginea  h.t. 

Tsuga  mertensiana/Menziesia  ferruginea  h.t. 

Abies  lasiocarpa/Xerophyllum  tenax  h.t. 

-Vaccinium  globulare  phase 

-Vaccinium  scoparium  phase 


Tsuga  mertensiana/Xerophyllum  tenax  h.t. 

Abies  lasiocarpa/Vaccinium  globulare  h.t. 

Abies  lasiocarpa/Vaccinium  scoparium  h.t. 

-Calamagrostis  rubescens  phase 
-Vaccinium  scoparium  phase 

-Thalictrum  occidentale  phase 

Abies  lasiocarpa/Alnus  sinuata  h.t. 

Abies  lasiocarpa/Calamagrostis  rubescens  h.t. 

Abies  lasiocarpa/Clematis  pseudoalpina  h.t. 

Abies  lasiocarpa/ Arnica  cordifolia  h.t. 

Abies  lasiocarpa/Carex  geyeri  h.t. 

-Carex  geyeri  phase 
-Pseudotsuga  menziesii  phase 

Upper  subalpine  h.t.s 

Abies  lasiocarpa/Ribes  montigenum  h.t. 
Abies  lasiocarpa-Pinus  albicaul is/Vaccinium 

scoparium  h.t. 
Abies  lasiocarpa/Luzula  hitchcockii  h.t. 

-Vaccinium  scoparium  phase 

-Menziesia  ferruginea  phase 
Tsuga  mertensiana/Luzula  hitchcockii  h.t. 

-Vaccinium  scoparium  phase 

-Menziesia  ferruginea  phase 

Timber 1 ine  h.t.s 

Pinus  albicaulis-Abies  lasiocarpa  h.t.s 
Larix  lyal lii-Abies  lasiocarpa  h.t.s 
Pinus  albicaulis  h.t.s 

PINUS  CONTORTA  CLIMAX  SERIES 

Pinus  contorta/Purshia  tridentata  h.t. 
Pinus  contorta/Vaccinium  caespitosum  c.t. 
Pinus  contorta/ Linnaea  borealis  c.t. 
Pinus  contorta/Vaccinium  scoparium  c.t. 
Pinus  contorta/Calamagrostis  rubescens  c.t. 


western  redcedar/queencup  beadlily 
-queencup  beadlily 

phase 
-wild  sarsaparilla 

phase 
-menziesia  phase 
western  redcedar/devil '  s  club 


western  hemlock/queencup  beadlily 
-queencup  beadlily 

phase 
-wild  sarsaparilla 

phase 


subalpine  fir/devil's  club 
subalpine  fir/queencup  beadlily 

-queencup  beadlily  phase 
-wild  sarsaparilla  phase 
-dwarf  huckleberry  phase 
-beargrass  phase 
-menziesia  phase 
subalpine  f ir/sweetscented  bedstraw 
subalpine  fir/dwarf  huckleberry 
subalpine  fir/bluejoint 

-bluejoint  phase 
-sweetscented  bedstraw 
phase 

-dwarf  huckleberry  phase 
subalpine  fir/twinf lower 

-twinflower  phase 

-beargrass  phase 

-grouse  whortleberry  phase 
subalpine  fir /menziesia 
mountain  hemlock/menziesia 
subalpine  f ir/beargrass 

-blue  huckleberry 
phase 

-grouse  whortleberry 
phase 

mountain  hemlock/beargrass 
subalpine  fir/blue  huckleberry 
subalpine  fir/grouse  whortleberry 
-pinegrass  phase 
-grouse  whortleberry 

phase 
-western  meadowrue 
phase 

subalpine  fir/Sitka  alder 

subalpine  fir /pinegrass 

subalpine  fir/virgin's  bower 

subalpine  f ir/heartleaf  arnica 

subalpine  fir/elk  sedge 

-elk  sedge  phase 
-Douglas-fir  phase 


subalpine  fir/mountain  gooseberry 
subalpine  f ir-whitebark  pine/ 

grouse  whortleberry 
subalpine  fir/smooth  wood-rush 

-grouse  whortleberry 

phase 
-menziesia  phase 
mountain  hemlock/smooth  wood-rush 

-grouse  whortleberry 

phase 
-menziesia  phase 


whitebark  pine-subalpine  fir 
alpine  larch-subalpine  fir 
whitebark  pine 


lodgepole  pine/bitterbrush 

lodgepole  pine/dwarf  huckleberry 

lodgepole  pine/twinf lower 

lodgepole  pine/grouse  whortleberry 

lodgepole  pine/pinegrass 


Total  Number  of  Habitat  Types  =  64 

Total  Number  of  Habitat  Types,  Phase,  and  Pinus  contorta  Community  Type  Categories  =  105 


Automatic  data  processing  codes  for  National  Forest  System  use. 
Minor  type  in  Montana;  described  in  other  study  areas. 
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8.  We  developed  the  final  classification  (table  1)   after  3  years  of  field  testing 
and  revising  preliminary  classifications,  and  incorporating  new  data.     This  included  re- 
defining types,  rewriting  the  keys,  checking  all  stands  against  the  classification,  and 
mutually  agreeing  on  the  types  and  phases.     Approximately  3  percent  of  the  sample  stands 
did  not  fit  the  resulting  classification.     Many  of  these  were  ecotones  or  vegetational 
mosaics,  unusual  serai  communities,  very  dense  stands  with  little  undergrowth,  or  minor 
or  local  associations.     Some  of  the  latter  may  represent  potential  habitat  types  that 
our  data  were  too  scant  to  identify. 

9.  We  prepared  a  description  for  each  habitat  type,  including  a  generalized 
discussion  of  geographic  distribution,  physical  environmental  features,  key  vegetational 
features,  descriptions  of  phases,  and  the  basis  for  their  separation. 

10.     Where  environmental  characteristics  and  vegetative  features  provide  a  basis 
for  predicting  response  to  management  practices,  we  have  pointed  out  some  of  the  more 
obvious  interrelations.     This  classification  should  serve  as  a  foundation  for  further 
development  of  "site-specific"  management  implications  pertaining  to  several  disciplines. 

Taxonomic  Considerations 

Voucher  collections  of  several  thousand  plants  were  made  in  the  course  of  stand 
sampling.     About  1,000  specimens  of  the  better  collections  have  been  deposited  in  the 
herbarium  of  the  Forestry  Sciences  Laboratory,  Missoula.     Most  of  the  plants  were 
identified  to  species,  but  some  nonf lowering  specimens  could  not  be  identified  to  or 
beyond  the  genus  level.     Peter  F.  Stickney  of  the  Missoula  herbarium  verified  many  of 
the  field  identifications.     Specimens  of  some  of  the  more  difficult  groups  were  sent 
to  the  USDA  Forest  Service  herbarium  in  Fort  Collins,  Colorado,  where  Dr.  F.  J. 
Hermann  made  determinations  for  Cavex  and  Dr.  Charles  Feddema  identified  the  remaining 
groups.     Determinations  for  Penstemon  were  made  by  Dr.  David  V.  Clark,  Colorado  Mountain 
College,  Glenwood  Springs;  Dr.  Rupert  C.  Barneby,  Greenport,  Long  Island,  made  the 
identifications  for  Astragalus  and  Oxytropis .     The  presence  table  (appendix  C-2)  pro- 
vides a  complete  list  of  species  found  in  at  least  five  of  the  nearly  1,500  stands 
sampled.     Nomenclature  generally  follows  Hitchcock  and  Cronquist  (1973). 

The  nature  of  the  survey  method  often  required  that  field  identification  be  made 
on  material  in  vegetative,  sterile,  or  other  than  optimal  condition  for  taxonomic 
separation.     This  prevented  positive  identification  of  some  closely  related  species; 
in  such  cases,  specimens  were  grouped  under  the  most  prevalent  species  for  the  region. 

A  few  species  presented  special  taxonomic  problems.     Although  Vacainium  membrana- 
oeym  is  reported  for  Montana  (Hitchcock  and  others  1955-69),  essentially  all  of  our 
Vaoci-niwn  glohulave-Y .  memhvanaoeym  collections  appeared  to  be  Y.  glohulave. 

Yacciniwn  myrtiHus  often  intergrades  extensively  with  V.  soopariim  and  perhaps 
also  with  F.  glohulave  in  Montana.  Our  tabular  data  represent  Y.  myvt-lllus  as  iden- 
tified by  the  strictest  taxonomic  criteria. 

Clematis  pseudoalpina  and  C.  tenuiloha  are  evidently  restricted  to  similar  environ- 
ments and  they  intergrade  to  such  a  confusing  extent  that  we  lumped  them  under  C. 
pseudoalpina. 

Special  attention  needs  to  be  given  to  the  distinction  between  Pinus  albioaulis 
and  P.  flexilis  in  Montana.     Pinus  albioaulis  grows  at  high  elevations  all  across  the 
Montana  Rockies,  whereas  P.  flexilis  is  common  below  the  forest  zone  along  or  east  of 
the  Continental  Divide  extending  up  to  midelevations  on  droughty  sites.     Cones  of  Pinus 
albioaulis  are  purple  and  disintegrate  on  the  tree  (leaving  only  broken  scales  on  the 
ground) J  whereas  those  of  P.  flexilis  turn  from  green  to  brovm  and  remain  intaot  on  the 
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ground  for  a  few  years.     Pinus  albicaulis  is  a  common  forest  component  whose  reproduc- 
tion, usually  as  stagnant  saplings,  may  extend  down  to  midelevations .     Pinus  flexilis 
is  rarely  a  component  of  dense  forests,  and  seldom  reproduces  in  stands  dominated  by 
other  species. 

Most  Picea  populations  in  Montana  are  the  result  of  P.  engelmannii  X  P.  glauca 
hybridization  (Daubenmire  1974;  Habeck  and  Weaver  1969).     However,  our  observations  and 
cone  scale  measurements  indicate  recognizable  differences  in  the  degree  of  hybridiza- 
tion.    The  cone  scales  of  Picea  glauca  are  broadest  near  the  tip,  which  is  rounded  and 
smooth.     The  cone  scales  of  P.  engelmannii  are  broadest  near  the  base,  narrowing  at  the 
tip,  and  having  a  wavy,  crinkled,  papery  margin.     P.  engelmannii  twigs  are  usually 
finely  pubescent,  whereas  those  of  P.  glauca  are  normally  without  hairs.     Recognition  of 
these  and  other  taxonomic  differences  (Daubenmire  1974)  is  important  for  silvicultural 
practices  and  future  research  efforts  involving  Picea. 

Synecological  Perspective  and  Terminology 

definition  and  Ex'planation  of  Habitat  Type 

All  land  areas  potentially  capable  of  producing  similar  plant  communities  at 
climax  may  be  classified  as  the  same  habitat  type  (Daubenmire  1968b) .     The  climax  plant 
community,  because  it  is  the  end  result  of  plant  succession,  reflects  the  most  meaning- 
ful integration  of  the  environmental  factors  affecting  vegetation.     Thus,  each  habitat 
type  represents  a  relatively  narrow  segment  of  environmental  variation  and  delineates 
a  certain  potential  for  vegetative  development.     One  habitat  type  may  support  a  variety 
of  disturbance-induced,  or  serai,  plant  communities,  but  the  vegetative  succession  will 
ultimately  produce  similar  plant  communities  at  climax  throughout  the  type. 

The  climax  community  type,  or  association,  provides  a  logical  name  for  the  habitat 
type--for  example,  Pseudotsuga  menziesii/ Calamagvostis  vubescens  .     The  first  part  of 
this  name  is  based  on  the  climax  tree  species,  which  is  usually  the  most  shade-tolerant 
tree  adapted  to  the  site.     We  call  this  level  of  classification  the  series  and  it  en- 
compasses all  habitat  types  having  the  same  dominant  tree  at  climax.     The  second  part 
of  the  habitat  type  name  is  based  on  the  dominant  or  characteristic  undergrowth  species 
in  the  climax  community  type. 

Use  of  climax  community  types  to  name  habitat  types  does  not  imply  that  we  have 
an  abundance  of  climax  vegetation  in  the  present  landscape.     Actually,  most  vegetation 
in  the  landscape  reflects  some  form  of  disturbance  and  various  stages  of  succession 
towards  climax.     Nor  do  climax  community  type  names  imply  that  management  is  for 
climax  vegetation;  in  fact,  serai  species  are  frequently  preferred  for  timber  and  wild- 
life browse  production.     Furthermore,  this  method  does  not  require  the  presence  of  a 
climax  stand  to  identify  the  habitat  type.     It  can  be  identified  during  most  inter- 
mediate stages  of  succession  by  comparing  the  relative  reproductive  success  of  the  tree 
species  present  with  known  successional  trends  and  by  observing  the  existing  undergrowth 
vegetation.     Successional  trends  toward  climax  usually  appear  to  progress  more  rapidly 
in  the  undergrowth  than  in  the  tree  layer.     In  very  early  stages  of  secondary  succession, 
the  habitat  type  can  be  identified  by  comparing  the  site  with  similar  adjacent  ones 
having  mature  stands. 

Not  all  units  of  land  will  fit  neatly  into  the  habitat  type  system.     As  in  most 
biological  classifications,  intergrades,  or  transitional  areas  will  be  encountered. 
However,  these  situations  occupy  a  small  percentage  of  land  and  need  not  greatly  detract 
from  the  utility  of  a  habitat  type  classification. 

The  main  advantage  of  habitat  types  in  forest  management  is  that  they  provide  a 
permanent  and  ecologically-based  system  of  land  stratification.     Each  habitat  type 
encompasses  a  certain  amount  of  environmental  variation,  but  the  variation  within  a 
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habitat  type  should  be  less  than  that  between  types.     In  addition,  habitat  types  provide 
a  classification  o£  climax  plant  communities.     Plant  succession  should  be  generally  pre- 
dictable for  each  habitat  type,  and  similar  responses  to  management  treatments  can  be 
expected  on  units  of  land  within  the  same  type. 

Habitat  Types  Versus  Continuum  Philosophy 

A  vigorous  debate  has  been  carried  on  for  many  years  by  ecologists  who  study  plant 
communities--i . e . ,  phytosociologists .     Although  several  philosophies  have  been  developed 
to  interpret  pi ant -community  organization,  two  of  them  are  often  the  center  of  debate: 

(1)  the  advocates  of  typal  communities  argue  that  distinct  vegetation  types  develop  at 
climax  and  are  repeated  over  the  landscape  where  environmental  conditions  are  similar; 

(2)  continuum  advocates  argue  that  even  at  climax,  vegetation,  like  environmental  con- 
ditions, varies  continuously  over  the  landscape  (Daubenmire  1966;  Cottam  and  Mcintosh 
1966;  Vogl  1966).  Some  of  those  who  accept  the  typal  communities  philosophy  may  view 
habitat  type  classification  much  the  same  as  they  view  the  taxonomic  classification  of 
the  plant  kingdom.  Continuum  advocates  may  regard  habitat  type  classifications  as  an 
attempt  to  make  categories  by  drawing  fine  lines  at  intervals  along  a  complex  vegeta- 
tional  continuum.  Collier  and  others  (1973)  presented  these  contrasting  philosophies 
and  advocated  an  intermediate  viewpoint. 

^Vhile  this  debate  may  be  of  interest  academically,  it  need  not  preoccupy  natural 
resource  managers  and  field  biologists  who  need  a  logical,  ecologically-based  class- 
ification with  which  to  work.     We  have  proceeded  under  the  philosophy  that  if  a 
"continuum"  does  exist,  then  we  would  subdivide  it  into  classes.     Our  primary  objective 
has  remained  to  develop  a  logical  classification  that  reflects  the  natural  patterns 
found  on  the  landscape.     Local  conditions  that  deviate  from  this  classification  can 
still  be  described  in  terms  of  how  they  differ  from  the  nearest  typal  description. 

Some  Syneoological  Relationships 

R.  and  J.  Daubenmire  (1968)  presented  a  detailed  discussion  of  many  synecological 
concepts  that  apply  here  also.     Like  the  Daubenmires,  we  found  that  overstory  and 
undergrowth  unions  generally  do  not  have  identical  range  limits.     Some  of  the  under- 
growth unions  that  the  Daubenmires  defined  in  combination  with  only  one  climax  over- 
story  union  were  found  more  broadly  distributed  in  Montana  forests.     Thus,  we  have 
Xerophyllum  tenax  as  an  undergrowth  type  with  Pseudotsuga  menziesii  and  Ahies  grandis 
as  well  as  A.   lasiocarpa  and  Tsuga  mertensiana.     In  these  situations,  distinguishing 
habitat  types  primarily  on  the  basis  of  climax  tree  species  leads  to  recognizing  a 
larger  number  of  habitat  types.     Other  aspects  of  undergrowth-overstory  relationships 
are  discussed  in  the  series  and  habitat  type  descriptions. 

Our  stand  tables  and  observations  also  support  R.  and  J.  Daubenmire 's  (1968)  con- 
tention that  the  "principle  of  competitive  exclusion"  is  rarely  achieved  in  natural 
stands  because  it  requires  several  centuries  without  disturbance.     However,  there  is 
a  trend  toward  dominance  by  the  most  shade-tolerant  tree  species.     This  trend  is  most 
evident  on  mesic  sites,  where  the  serai  and  climax  species  show  the  greatest  differences 
in  shade  tolerance.     It  becomes  less  evident  as  climax  species  such  as  Tsuga,  Thuja, 
and  Ahies  grandis  reach  their  geographic  range  limits  eastward  across  the  Montana 
Rockies.     In  such  peripheral  stands,  these  species  do  not  always  maintain  their  char- 
acteristic ability  to  exclude  other  species  at  climax  (R.  and  J.  Daubenmire  1968). 
The  trend  toward  monospecific  dominance  is  also  less  evident  where  forests  do  not 
develop  a  closed  canopy.     Stand  analysis  indicates  that  certain  conifers  persist  in  a 
minor  climax  or  even  coclimax  status  along  with  the  dominant  climax  species  in  several 
habitat  types.     These  relationships  are  portrayed  in  appendix  B.     In  the  interest  of 
simplicity  the  habitat  type  name  usually  reflects  only  one  major  climax  species. 
Exceptions  are  ABLA-PIAL/VASC ,  PIAL-ABLA,  and  LALY-ABLA  habitat  types  (table  1). 
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Although  transitional  areas  or  ecotones  between  habitat  types  can  be  interpreted 
as  being  broad  or  narrow,  our  approach  was  to  interpret  them  as  narrowly  as  possible. 
In  this  way,  more  of  the  land  surface  is  definable  to  habitat  type  and  less  is  in 
ecotonal  categories  that  may  be  impractical  for  use  in  resource  management. 

In  discussing  the  relationship  of  a  habitat  type  to  certain  environmental  features, 
we  have  followed  the  polyclimax  concept  of  Tansley  (1935).     Thus,  a  climatic  climax 
develops  on  deep  loamy  soils  of  gently  undulating  relief;  an  edaphic  climax  differs 
from  the  climatic  climax  due  to  extreme  soil  conditions  such  as  coarse  texture  or  poor 
drainage;  and  a  topographic  climax  reflects  compensating  effects  of  topography  on  micro- 
climate.    The  topoedaphic  climax  is  a  convenient  way  to  designate  deviation  from  a  cli- 
matic climax  due  to  combined  effects  of  edaphic  and  topographic  features.     Some  habitat 
types  reflect  only  one  type  of  climax,  but  the  majority  of  them  occur  in  two  or  more  of 
the  above  categories  in  response  to  interaction  of  environmental  factors. 


THE  PHYSICAL  SETTING 


Topography  and  Geology 

The  western  one-third  of  Montana- -roughly,  the  area  west  of  a  line  running  from 
Red  Lodge  to  East  Glacier  Park — is  prominently  mountainous  with  intervening  valleys. 
However,  isolated  mountain  ranges  occur  as  far  as  150  to  200  miles  east  of  that  line 
(fig.  3)  in  the  Montana  Great  Plains.     In  northwestern  and  west-central  Montana  (fig.  1), 
valley  base  elevations  generally  range  between  2,000  and  4,000  feet;  these  valleys  are 
either  forested  or  grassland.    The  major  mountain  ranges  rise  to  elevations  of  7,000  to 
9,000  feet.    These  mountains  support  extensive  forests  up  to  subalpine  levels,  and  there 
is  a  small  amount  of  area  above  the  alpine  timberline. 

In  central  Montana  the  broad,  grassy  intermountain  valleys  are  generally  4,000  to 
5,000  feet  in  elevation;  the  major  mountain  ranges,  which  are  often  less  rugged  than 
ranges  to  the  west,  rise  to  between  7,000  to  9,000  feet. 

In  the  southwestern  and  south-central  portions  of  the  State  the  grassy  intermoun- 
tain valleys  are  high,  generally  4,500  to  6,500  feet,  and  major  mountain  ranges  usually 
rise  to  10,000  feet  or  higher.    The  Absaroka  and  Beartooth  Ranges  have  rather  extensive 
plateau-like  areas  above  timberline. 

The  surface  geologic  formation  throughout  most  of  northwestern  Montana  is  the 
Precambrian  Belt  Series,  consisting  primarily  of  quartzites  and  argillites.    The  Idaho 
and  Boulder  Batholiths  comprise  the  Bitterroot  Range  west  of  the  Bitterroot  Valley  and 
much  of  the  southern  Sapphire  and  Anaconda-Pintlar  Ranges  as  well  as  the  Continental^ 
Divide  from  Butte  to  Helena.     Composition  is  predominantly  granitic  with  inclusions  of 
gneiss  and  schist.    Volcanic  and  sedimentary  rocks  (both  limestone  and  nonlimestone) 
constitute  most  of  the  remainder  of  the  Montana  Rockies.    Many  of  the  mountain  areas 
near  or  east  of  the  Continental  Divide  are  geologically  complex  in  contrast  to  areas 
farther  west  (Perry  1962). 
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Figure  3.  — Vistvihuti-on  of  mountain  ranges  in  Montana 

Most  of  the  prominent  valleys  in  the  Montana  Rockies  contain  a  layer  of  alluvium 
deposited  by  streams  and  glacial  action.    The  majority  of  these  areas  support  grassland, 
riparian,  or  cultivated  vegetation,  although  substantial  areas  in  northwestern  Montana 
valleys  support  forests. 

Contrasting  plant  communities  develop  where  limestone  and  noncalcareous  substrates 
meet  in  many  areas  east  of  the  Continental  Divide  in  Montana.     Bamberg  and  Major  (1968), 
Despain  (1973),  Patten  (1963),  and  others  have  described  vegetational  patterns  related 
to  limestone  substrates  in  and  adjacent  to  Montana.     Herbert  Holdorf--soil  scientist  on 
the  Lewis  and  Clark  National  Forest  at  Great  Falls,  Montana- -has  also  noted  the  relation- 
ships of  various  geological  substrates  to  soil  and  forest  development.     Goldin  (1976)  has 
enumerated  Holdorf's  observations  in  addition  to  documenting  the  relationship  of  forest 
habitat  types  to  three  substrates  (limestone,  granite,  and  quartzite)  in  the  Garnet  Range 
east  of  Missoula.     Several  correlations  of  forest  vegetation  to  limestone  and  other  cal- 
careous rocks  became  apparent  during  the  current  study  and  are  discussed  in  later  sections 

Soils 


In  general,  Montana  forest  soils  are  quite  rocky,  reflecting  their  mountainous 
setting.     Because  steep  topography  and  rocky  soils  are  so  prevalent,  sites  capable  of 
supporting  a  climatic  climax  are  scarce  over  much  of  the  forested  landscape. 
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In  northern  Idaho,  R.  and  J.  Daubenmire  (1968)  observed  that  soil  mantles  on 
leeward  slopes  were  better  developed  than  those  on  windward  slopes  because  o£  wind- 
deposited  loess  and  volcanic  ash  from  the  west.     This  correlation  applies  also  in 
Montana  west  of  the  Continental  Divide  although  it  is  usually  much  less  pronounced. 

Nimlos  (1963)  described  the  prominent  great  soil  groups  found  in  Montana  west  of 
the  Continental  Divide.     Brown  Podzolic  soils  occupy  the  moister  forest  sites--"areas 
of  more  than  25  inches  of  mean  annual  precipitation  on  fine  textured  calcareous 
materials  and  on  areas  of  more  than  17  inches  on  coarse  textured,  acid  materials." 
He  further  stated  that  a  Bir  horizon  4  to  18  inches  thick  is  the  most  diagnostic  feature 
of  these  soils.     Brown  Podzolic  soils  are  apparently  also  associated  with  moist  forest 
types  east  of  the  Divide  in  Montana  (Western  Land  Grant  Univ.  1964).     Such  soils  are 
evidently  associated  with  the  Tsuga,  Thuja,  Abies  grandis ,  and  A.  lasiocavpa  climax 
series  we  well  as  wetter  habitat  types  in  the  Pioea,  Pinus  contorta,  and  Pseudotsuga 
series . 

Gray  Wooded  soils  (Nimlos  1963;  Western  Land  Grant  Univ.  1964)  are  associ- 
ated with  the  drier  forest  types  in  Montana.     The  average  annual  precipitation  of  these 
sites,  which  support  the  Pinus  ponderosa  and  drier  part  of  the  Pseudotsuga  series,  is 
about  15  to  20  inches. 

Chernozems  are  also  likely  to  be  found  in  the  open  forests  where  steppe  understory 
vegetation  has  a  dominant  soil  forming  effect. 

According  to  the  maps,  descriptions,  and  nomenclature  of  the  new  Soil  Taxonomy 
(USDA  Soil  Conservation  Service  1975)  the  major  subgroups  of  soils  in  Montana  forests 
are: 

1.  Cryoborolls--on  lower  elevation  slopes  with  grass-dominated  undergrowth. 

2.  Cryoboralfs — on  midelevation  slopes  in  central  and  southern  Montana. 

3.  Cryandepts--on  midelevation  slopes  in  areas  of  western  Montana  with  volcanic 

ash  deposits. 

4.  Cryochrepts — on  higher  elevation  and  steep  slopes  throughout  mountains  of 

Montana. 

5.  Torriorthents--shal low  soils  on  the  steep  mountain  slopes,  badlands,  and 

rolling  plains  in  central  and  southeastern  Montana. 

Climate  and  Microclimate 

The  Continental  Divide  exerts  a  marked  influence  on  Montana's  climate  (U.S.  Dep. 
Commerce    1971),  resulting  in  marked  vegetation  differences  across  the  State.  The 
area  west  of  the  Divide  has  an  inland  climate  strongly  modified  by  moisture-laden  air 
masses  from  the  North  Pacific  Ocean.    Mild,  cloudy  weather  prevails  in  all  seasons 
except  midsummer.     Precipitation  is  rather  evenly  distributed  throughout  the  year, 
except  for  a  dry  period  in  July  and  August.     In  the  northwest  portion  of  the  State, 
where  the  maritime  influence  is  strongest,  some  of  the  lower  elevations  have  a 
sufficiently  moist  (average  annual  precipitation  greater  than  30  inches)  and  mild 
climate  to  support  vegetation  similar  to  that  of  the  Pacific  Coast  mountains  {Tsuga 
and  Thuja  series).     Eastward,  Pacific  Coast  species  drop  out  of  the  flora  as  oceanic 
moisture  diminishes  with  each  crossing  of  a  mountain  range. 

East  of  the  Divide  the  climate  is  decidedly  continental.     It  is  characterized  by 
warm  summers  with  a  high  proportion  of  the  precipitation  falling  between  May  and 
September  and  winter  conditions  that  have  invasions  of  subzero  Arctic  air  followed  by 
warm  dry  Chinook  winds . 
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Elevation  also  has  a  major  effect  on  climate  and  thus  on  vegetation  patterns. 
Except  in  extreme  northwestern  Montana,  lowlands  are  semiarid  and  support  either 
grassland  or  very  dry  forest  types.    Mountains  are  much  cooler  and  often  receive  two 
to  three  times  as  much  annual  precipitation,  most  of  it  coming  in  the  form  of  snow. 
Above  8,000  feet  in  northern  Montana  and  9,500  feet  in  southern  Montana,  forests  give 
way  to  alpine  tundra.    About  25  mountain  ranges  in  the  State  support  some  tundra, 
which  develops  on  sites  having  mean  July  temperatures  of  less  than  50  degrees  F. 
(Arno  1970).     Thus,  the  lower  elevational  limits  of  coniferous  forests  are  controlled 
primarily  by  moisture,  while  the  upper  elevational  limits  are  controlled  primarily 
by  temperature. 

Topographic  features  also  have  a  strong  influence  on  microclimate,  as  R.  and  J. 
Daubenmire  (1968)  pointed  out.     North  and  south  exposures  have  strongly  contrasting 
environments  because  of  differences  in  insolation,  snow  accumulation,  and  soil 
development.     Cold  air  drains  down  into  mountain  valleys  at  night  and  forms  "frost 
pockets"  behind  topographic  constrictions.     These  sites  are  occupied  by  distinctive 
vegetation,  some  of  it  characteristic  of  higher  elevations. 


SUCCESSIONAL  STATUS  OF  MONTANA  FORESTS 


Fire  History 

Recognition  of  the  important  role  played  by  lightning-caused  fires  in  Montana 
forests  has  been  growing,  especially  in  the  last  few  decades  (Wellner  1970).  During 
our  sampling,  we  observed  and  recorded  evidence  of  past  fires  on  about  1,000  plots. 
Such  evidence  consists  of  partially-healed  fire  scars  at  the  base  of  old  trees  or 
stumps,  charred  material  on  or  in  the  ground,  and  presence  of  new  stands  or  age-classes 
of  serai  species. 

Some  of  the  most  abundant  species  in  Montana  forests  are  fire-adapted  serai  trees 
(Starker  1934;  Wellner  1970).    Mature  Larix  ocoidentdlis ,  Pinus  ponderosa,  and 
Pseudotsuga  menziesii  have  thick  basal  bark  which  makes  them  very  resistant  to  fire. 
Pinus  Qontorta  and  Thuja  show  moderate  resistance  to  death  from  ground  fire.  Most 
other  species  (e.g.,  Abies,  Tsuga,  Picea)  are  likely  to  be  killed  by  most  fires, 
because  of  thin  bark  and  susceptibility  to  rot  entering  fire-caused  wounds. 

The  vast  majority  of  all  sample  stands  showed  evidence  of  wildfire  within  the  past 
two  centuries,  despite  deliberate  selection  of  the  oldest  and  least-disturbed  stands. 
The  few  stands  that  showed  no  evidence  of  fire  in  the  past  200  years  were  usually  at 
high  elevations  or  on  very  moist  sites. 

In  general,  the  Pinus  flexilis ,  Pinus  ponderosa  and  drier  Pseudotsuga  habitat 
types  showed  evidence  of  light  ground  fires  at  intervals  averaging  less  than  30  years. 
Moister  Pseudotsuga  habitat  types  and  Abies  lasiooarpa  habitat  types  showed  much 
longer  fire-free  intervals,  and  the  fires  often  resulted  in  formation  of  new  stands, 
or  at  least  in  the  addition  of  a  new  age  class  in  surviving  stands. 
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Arno  (1976)  cross-sectioned  fire  scars  on  old  growth  Pinus  ponderosa,  Pseudotsuga 
menziesii ,  Pinus  contorta,  Lavix  ocoidentalis ,  and  Pinus  alhioaulis  in  several  habitat 
types  in  three  areas  of  the  Bitterroot  National  Forest.     He  found  that  prior  to  1900 
average  fire  frequencies  had  been  about  10  years  in  Pinus  pondevosa/  and  Pseudotsuga/ 
bunchgrass  habitat  types,  16-19  years  in  most  other  Pseudotsuga  habitat  types,  27  years 
in  lower  subalpine  Abies  lasiooavpa  habitat  types,  and  30-33  years  in  upper  subalpine 
and  timber line  habitat  types.     Many  individual  trees  and  stumps  in  Pseudotsuga 
habitat  types  at  various  locations  in  west-central  Montana  have  scars  from  10  or  more 
fires  in  a  period  of  200  or  250  years;  however,  few  fires  occurred  in  the  last  50  years. 

Gabriel   (1976)  studied  the  fire  history  of  Pinus  contorta -dominated  forests  in 
an  area  of  the  Bob  Marshall  Wilderness,  Flathead  National  Forest.     He  found  evidence 
that  fire  had  been  rather  frequent  and  that  it  burned  at  various  intensities.  Other 
fire  frequency  studies  have  been  made  by  Houston  (1973)  in  northern  Yellowstone 
National  Park  and  by  Loope  and  Gruel 1  (1973)  in  the  Jackson  Hole  area  of  northwestern 
Wyoming.     East  of  the  Continental  Divide,  in  the  vast  forests  dominated  by  Pinus 
contorta,  we  commonly  found  stands  where  many  of  the  trees  had  scars  indicating  they 
had  survived  one  to  three  ground  fires.     If  Pinus  contorta  stands  survive  more  than 
about  100  years,  they  often  become  susceptible  to  attack  and  mortality  from  mountain 
pine  beetle  {Dendroctonus  ponderosae) ;  the  resulting  large  buildup  of  dry  fuels  invites 
an  intense  conflagration  (Roe  and  Amman  1970) .     Pinus  contorta  stands  showing  no 
evidence  of  having  survived  a  fire  were  in  most  cases  even-aged  and  evidently  had 
become  established  after  an  intense  forest  fire. 

Relative  coverages  and  species  composition  in  the  tree  layer  and  undergrowth  often 
change  dramatically  after  an  intense  fire.     West  of  the  Continental  Divide,  double  or 
triple  burns  have  sometimes  removed  the  conifer  seed  source.     Thus,  a  shrub- field 
stage  of  succession  (composed  of  such  species  as  Ametanchier  alnifoUa,  Salix 
scouteriana,  Acer  glahrum,  Ceanothus  velutinus,  Prunus  spp.,  and  Physocarpus 
malvaceus)    may  dominate  the  site  for  half  a  century  or  longer. 

Grazing  History 

In  general,  domestic  grazing  has  not  had  a  pronounced  impact  upon  the  forest 
vegetation  in  Montana.     In  northwestern  and  west-central  portions  of  the  State,  however, 
some  of  the  most  open,  low-elevation  forests  (i.e.,  Pinus  ponderosa  series  and  drier 
habitat  types  in  the  Pseudotsuga  series)  and  streams ide  areas  have  been  moderately  to 
heavily  grazed  by  cattle,  horses,  or  sheep.     Hillsides  too  steep  for  cattle  have  not 
been  grazed  heavily,  due  to  the  decline  in  sheep  raising  in  the  past  20-30  years. 
Grazing  has  been  extended  into  moister  forest  types  in  some  localities,  such  as  the 
Montana-Idaho  Divide  west  of  Superior,  where  sheep  were  historically  grazed.  Also, 
clearcuts  and  other  heavily  logged  areas  are  often  used  by  cattle.     Still,  a  large 
proportion  of  the  west-side  forest  has  apparently  never  been  grazed  by  domestic  stock. 

East  of  the  Continental  Divide,  there  is  a  higher  proportion  of  dry,  open  forest 
having  bunchgrasses  and  other  palatable  forage.     Also,  the  forest  is  broken  by  exten- 
sive mountain  grasslands  suitable  for  summer  range.     Grazing  is  often  extended  up  the 
major  forested  valleys  where  streamside  vegetation  and  luxuriant  meadows  are  common. 
Although  lower  east-side  forests  are  often  moderately  to  heavily  grazed,  the  denser, 
high-elevation  forests  receive  little  use  except  as  bedding  areas  where  they  border 
subalpine  grasslands.     Sheep  grazing  of  alpine  tundra  on  the  Montana  side  of  the 
Beartooth  Plateau  was  halted  in  the  1950' s,  and  plant  recovery  has  been  noticeable. 
Large  flocks  of  sheep  continue  to  graze  the  Wyoming  portion  of  this  alpine  area. 

Logging  History 

About  half  of  the  forest  land  in  Montana  had  not  been  logged  as  of  1973.  This 
generalization  applies  to  both  sides  of  the  Continental  Divide.     However,  in  some 
historical  mining  localities  such  as  Butte  and  Helena,  extensive  forests  were  cut 


15 


between  about  1870  and  1920.     In  the  Highland  Mountains  south  of  Butte,  for  example, 
the  forests  were  logged  nearly  to  the  alpine  timberline. 

Early  settlement  west  of  the  Continental  Divide  brought  extensive  clearing  of 
forests  in  the  major  valleys  for  farming  and  ranching.     Heavy  cutting  was  also  associ- 
ated with  early  mining  and  railroading  activities.     Commercial  lumbering  has  long  been 
practiced  west  of  the  Divide,  and  it  has  expanded  considerably  with  the  establishment 
of  a  diversified  forest  products  industry  in  the  past  two  decades.     A  great  deal  of 
virgin  forest  land  both  east  and  west  of  the  Divide  has  been  roaded  and  logged  since 
1950,  but  several  wilderness  and  primitive  areas  have  also  been  established  and  many 
of  the  remaining  roadless  areas  are  being  studied  for  possible  inclusion  in  the  National 
Wilderness  System. 


THE  HABITAT  TYPE  CLASSIFICATION 


We  defined  a  total  of  64  forest  habitat  types  for  Montana.    Although  this  may 
seem  like  an  unusually  large  number,  the  environmental  diversity  across  the  State 
warrants  recognition  of  many  types. 

Figure  4  shows  a  generalized  elevational  distribution  of  the  various  climax  series 
encountered  in  the  Montana  Rockies,  except  for  the  Pinus  oontorta  series.     These  are 


Scrub  line-,  general  upper  limit  of  shrub-like  trees 

Abies  lasiocarpa  stunted  or  wind-deformed 
Forest  line:  general  upper  limit  of  contiguous  forest 

Lower  limits  of  Luzula  hitchcockii,  and  of  Pinus  albicaulis 
as  a  major  forest  species. 
Upper  climatic  limits  of  Pseudotsuga. 


Ftgupe  4. — Generalized  alimaoo  zonation  of  the  coniferous  forest  series  in  Montana. 
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Figure  5. — Generalized  distribution  of  forest  trees  in  south- 
western and  south- central  Montana.    Arrows  show  the  rel- 
ative elevational  range  of  each  species;  solid  portion 
of  the  arrow  indicates  where  a  species  is  the  potential 
climax  and  dashed  portion  shows  where  it  is  serai. 


discussed  in  approximately  the  order  shown  here,  going  from  dry,  warm  (lower  elevation) 
sites  to  increasingly  colder  and  more  moist  conditions. 

These  series  do  not  all  occur  in  all  parts  of  the  Montana  Rockies.     For  instance, 
in  much  of  southwestern  and  south-central  Montana,  the  Pinus  ponderosa,  Abies  grandis , 
Thuja  plicata>  and  Tsuga  heterophylla  series  are  absent.     The  distribution  of  individual 
tree  species  and  the  climax  series  relationships  for  that  area  are  shown  in  figure  5. 

The  greatest  number  of  climax  series  is  found  in  certain  parts  of  northwestern 
Montana.    Figure  6  shows  a  composite  distribution  of  the  most  diverse  zonation  found 
in  that  area. 

The  total  classification  is  listed  in  table  1  for  convenient  reference.  Scientific 
names,  abbreviated  names,  and  common  names  are  listed  in  the  habitat  type  writeups, 
table  1,  and  the  checklist,  appendix  F,    Common  names  are  not  used  in  the  text  because' 
they  vary  from  place  to  place  and  could  lead  to  confusion.     With  the  need  for  frequent 
references  to  habitat  type  names  in  the  text,  some  form  of  abbreviation  seemed  desirable. 
We  have  used  a  four-letter  abbreviation  consisting  of  the  first  two  letters  of  the  genus 
name  and  the  first  two  letters  of  the  species  name.    Although  these  abbreviations  may 
be  unfamiliar  initially,  we  have  found  them  to  be  readily  accepted  by  professional  for- 
esters and  biologists  as  a  substitute  for  common  names. 
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Figure  6. — Distribution  of  forest  trees  in  an  area  of  northwestern  Montana.  Arrows 
show  the  relative  elevational  range  of  each  species;  solid  portion  of  the  arrow 
indicates  where  a  species  is  the  potential  climax  and  dashed  portion  shows  where 
it  is  serai. 


The  classification  is  presented  in  the  following  order: 

1.  Key  to  the  habitat  types  (fig.  7). — The  first  step  in  correct  identification  of 
the  habitat  type  is  becoming  familiar  with  the  instructions  for  use  of  the  key.  Next 
comes  identification  of  the  potential  climax  series,  followed  by  identification  of  the 
habitat  type  and  then  the  phase. 

2.  Series  description. — Many  habitat  type  characteristics  are  summarized  at  the 
series  level,  rather  than  repeating  general  similarities  in  vegetation  and  habitat 
characteristics  in  the  habitat  type  descriptions. 

3.  Habitat  type  description. --This  information  summarizes  geographic  range,  vegeta- 
tion, phases,  and  general  management  implications. 

Pinus  flexilis  Series 

Distribution. --In  Montana  Pinus  flexilis  distribution  is  related  to  the  continental 
climatic  regime;  thus  the  species  seldom  occurs  very  far  west  of  the  Continental  Divide. 
The  Pinus  flexilis  series  is  found  on  some  of  the  driest  sites  capable  of  supporting 
trees. 
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Figure  7.  —  Key  to  climax  series,  habitat  types,  and  phases. 


READ  THESE  INSTRUCTIONS  FIRST! 


Use  this  key  for  stands  with  a  mature  tree  canopy 
that  are  not  severely  disturbed  by  grazing,  logging, 
forest  fire,  etc.     (If  the  stand  is  severely  disturbed 
or  in  an  early  successional  stage,  the  habitat  type 
can  best  be  determined  by  extrapolating  from  the  near- 
est mature  stand  occupying  a  similar  site.) 

Accurately  identify  and  record  canopy  coverages  for 
all  indicator  species  (appendix  F) . 

Check  plot  data  in  the  field  to 
verify  that  the  plot  is  representa- 
tive of  the  stand  as  a  whole.  If 
not,  take  another  plot. 


Identify  the  correct  potential 
climax  tree  species  in  the  SERIES 
key.     (Generally,  a  tree  species 
is  considered  reproducing  suc- 
cessfully if  10  or  more  individ- 
uals per  acre  occupy  or  will 
occupy  the  site.) 

Within  the  appropriate  series, 
key  to  HABITAT  TYPE  by  following 
the  key  literally.  Determine 
PHASE  by  matching  the  stand  con- 
ditions with  the  phase  descrip- 
tions for  the  type.     (The  first 


Percent 
Canopy  Coverage_ 


phase  description  that  fits  the  stand  is  the  correct 
one. ) 

Use  the  definitions  diagramed  below  for  canopy  cover- 
age terms  in  the  key.     If  you  have  difficulty  decid- 
ing between  types,  refer  to  constancy  and  coverage 
data  (appendix  C-1)  and  the  habitat  type  descriptions. 

In  stands  where  undergrowth  is  obviously  depauperate 
(unusually  sparse)  because  of  dense  shading  or  duff 
accumulations,  adjust  the  above  definitions  to  the 
next  lower  coverage  class  (e.g.,  well  represented  >1%, 
common  >0%) . 

Remember,  the  key  is  NOT  the  classification.'  Validate 
the  determination  made  using  the  key  by  checking  the 
written  description. 
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KEY  TO  CLIMAX  SERIES 

(DO  NOT  PROCEED  UNTIL  YOU  HAVE  READ  THE  INSTRUCTIONS!) 

1.     Habitats  on  steep  slopes  (30°)composed  primarily  of  unstable 

fine  rock;  undergrowth  sparse,  poorly  developed  and  quite  variable.    .    .   .  SCREE  (p.  121) 

1.    Habitats  on  sites  with  some  soil  development  and  stability; 

undergrowth  rather  well  developed  and  somewhat  uniform   2 

2.     Tsuga  heterophylla  present  and  reproducing  successfully    T5UGA  HETEROPHYLLA  SERIES  (item  G) 

2.     Tsuga  heterophyl la  not  the  indicated  climax  ■   3 

3.     Thuja  plicata  present  and  reproducing  successfully   THUJA  PLICATA  SERIES  (item  F) 

3.     Thuj a  pi icata  not  the  indicated  climax   4 

4.     Abies  grandis  present  and  reproducing  more  successfully  than 

Abies  lasiocarpa   ABIES  GRANDIS  SERIES  (item  E) 

4.     Abies  grandis  not  the  indicated  climax   5 

5.     Abies  lasiocarpa,  Tsuga  mertensiana,  or  Larix  lyal 1 ii  present  and 

reproducing  successfully,  or  Pinus  albicaulis  the  dominant  tree    ABIES  LASIOCARPA  SERIES  (item  I) 

5.     Not  as  above   6 

6.     Picea  present  and  reproducing  successfully   PICEA  SERIES  (item  D) 

6.     Picea  not  the  indicated  climax   7 

7.     Pinus  flexilis  a  successfully  reproducing  dominant;  often  sharing  that 

status  with  Pseudotsuga    PINUS  FLEXILIS  SERIES  (item  A) 

7.     Pinus  flexilis  absent  or  clearly  serai   8 

8.     Pseudotsuga  menziesii  present  and  reproducing  successfully   PSEUDOTSUGA  MENZIESII  SERIES  (item  C) 

8.     Pseudotsuga  menziesii  not  the  indicated  climax   9 

9.     Pure  Pinus  contorta  stands,  with  little  evidence  as  to  potential 

climax   PINUS  CONTORTA  SERIES  (item  H) 

9.     Pinus  contorta  absent;  Pinus  ponderosa  the  indicated  climax    PINUS  PONDEROSA  SERIES  (item  B) 


A.     Key  to  Pinus  flexilis  Habitat  Types 


1.     Festuca  idahoensis  well  represented  or  F.  scabrella  common  PINUS  FLEXI LIS/FESTUCA  IDAHOENSIS  h.t.   (p.  25) 

a.  Festuca  scabrella  common  FESTUCA  SCABRELLA  phase 

b.  F_.   scabrella  scarce  FESTUCA  IDAHOENSIS  phase 

1.     _F.   idahoensis  poorly  represented  and  F.   scabrella  scarce  2 

2.     Agropyron  spicatum  well  represented    PINUS  FLEXILIS/AGROPYRON  SPICATUM  h.t.    (p.  24) 

2.     A.   spicatum  poorly  represented;  Juniperus  communis 

(or  J_.  horizontalis)  well  represented  .   .   .   .   .  PINUS  FLEXILIS/JUNIPERUS  COMMUNIS  h.t.  (p.  26) 
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B.     Key  to  Pinus  ponderosa  Habitat  Types 

Prunus  virginiana  well  represented;  only  in  southeastern  Montana    PINUS  PONDEROSA/PRUNUS  VIRGINIANA  h  t  (p  34) 

a.  Shepherdia  canadensis  well  represented    SHEPHERDIA  CANADENSIS  phase 

b.  Shepherdia  poorly  represented    PRUNUS  VIRGINIANA  phase 

P_.   vi rginiana  poorly  represented   2 

2.     Symphoricarpos  albus  well  represented    PINUS  PONDEROSA/SYMPHORICARPOS  ALBUS  h.t  (p  33) 

a.  Berberis  repens  common    BERBERIS  REPENS  phase 

b.  Berberi^  scarce    SYMPHORICARPOS  ALBUS  phase 

2.     S^.   albus  poorly  represented   3 

Purshia  tridentata  well  represented   PINUS  PONDEROSA/PURSHIA  TRIDENTATA  h.t.  (p.  32) 

a.  Festuca  idahoensis  well  represented  or  F.   scabrella  common  .    .  FESTUCA  IDAHOENSIS  phase 

b.  F.   idahoensis  poorly  represented  and  F.   scabrella  scarce  .    .    .  AGROPYRON  SPICATUM  phase 
Purshia  poorly  represented    4 


4.     Festuca  idahoensis  well  represented  or  F.   scabrella  common    PINUS  PONDEROSA/ FESTUCA  IDAHOENSIS  h.t.(p  31) 

a.  Festuca  scabrella  common    FESTUCA  SCABRELLA  phase 

b.  F.   scabrella  scarce    FESTUCA  IDAHOENSIS  phase 

4-     £•   idahoensis  poorly  represented  and  F.   scabrella  scarce    5 


Agropyron  spicatum  well  represented  PINUS  PONDEROSA/AGROPYRON  SPICATUM  h.t. (p.  30) 

A.   spicatum  poorly  represented;  Andropogon  spp.  well  represented    PINUS  PONDEROSA/ ANDROPOGON  h.t. (p.  30) 


C.     Key  to  Pseudotsuga  menziesii  Habitat  Types 

1.  Vaccinium  caespitosum  present   PSEUDOTSUGA  MENZI ESI  I /VACCINIUM  CAESPITOSUM  h . t . (p .  39) 

1.  V.  caespi tosum  absent   2 

2.   Physocarpus  malvaceus  or  llolodiscus  discolor  well  represented     .    .       PSEUDOTSUGA  MENZIESII/PHYSOCARPUS  MALVACEUS  h.t. (p.  41) 

a.  Calamagrostis  rubescens  and/or  Carex  geyeri  are  the 

dominant  undergrowth    CALAMAGROSTIS  RUBESCENS  phase 

b.  Physocarpus  and/or  Holodiscus  dominate  the  undergrowth   PHYSOCARPUS  MALVACEUS  phase 

2.   Physocarpus  and  Holodiscus  poorly  represented    3 

3.   Linnaea  borealis  common    PSEUDOTSUGA  MENZIESI I/LINNAEA  BOREALIS  h.t. (p.  44) 

a.  Symphoricarpos  albus  well  represented    SYMPHORICARPOS  ALBUS  phase 

b.  Vaccinium  globulare  well  represented    VACCINIUM  GLOBULARE  phase 

c.  Not  as  above    CALAMAGROSTIS  RUBESCENS  phase 

3.  Linnaea  scarce    4 

4.  Vaccinium  globulare  or  Xerophyllum  tenax  well  represented     ....       PSEUDOTSUGA  MENZIESI I/VACCINIUM  GLOBULARE  h.t. (p.  43) 

a.  Arctostaphylos  uva-ursi  and  Pinus  ponderosa  common    ARCTOSTAPHYLOS  UVA-URSI  phase 

b.  Xerophyllum  common    XEROPHYLLUM  TENAX  phase 

c.  Not  as  above   VACCINIUM  GLOBULARE  phase 

4.  Vaccinium  globulare  and  Xerophy I lum  tenax  poorly  represented  ...  5 

5.  Symphoricarpos  albus  well  represented   PSEUDOTSUGA  MENZI ESI  I /SYMPHORICARPOS  ALBUS  h.t. (p.  45) 

a.  Bunchgrasses  well  represented  in  old-growth  stands    AGROPYRON  SPICATUM  phase 

b.  Calamagrostis  rubescens  well  represented    CALAMAGROSTIS  RUBESCENS  phase 

c.  Not  as  above   SYMPHORICARPOS  ALBUS  phase 

5.  S^.   albus  poorly  represented   6 

6.   Calamagrostis  rubescens  xell  represented   PSEUDOTSUGA  MENZIESI I/CALAMAGROSTIS  RUBESCENS  h.t. (p.  47) 

a.  Bunchgrasses  well  represented  in  old-growth  stands    AGROPYRON  SPICATUM  phase 

b.  Arctostaphylos  uva-ursi  common;  sites  capable  of 
supporting  Pinus  ponderosa  and  not  too  dry  for 

Pinus  contorta  (or  Larix  occidentalis)    ARCTOSTAPHYLOS  UVA-URSI  phase 

c.  Pinus  ponderosa  common    PINUS  PONDEROSA  phase 

d.  Not  as  above    CALAMAGROSTIS  RUBESCENS  phase 

6.  C.   rubescens  poorly  represented    7 

7.  Carex  geyeri  well  represented    PSEUDOTSUGA  MENZIESI I /CAREX  GEYERI  h.t. (p.  51) 

7.  C.   geyeri  poorly  represented    8 

8.  Arctostaphylos  uva-ursi  well  represented  and  Pinus  ponderosa 

present    PSEUDOTSUGA  MENZIESI I/ARCTOSTAPHYLOS  UVA-URSI  h.t. (p.  52) 

8.  Arctostaphylos  poorly  represented  or  stands  above  elevational 

limits    of  Pinus  ponderosa    9 

9.  Juniperus  communis   (or  J.  hori zontali s)  dominates  the  undergrowth   .    .       PSEUDOTSUGA  MENZIESI I/JUNIPERUS  COMMUNIS  h.t. (p.  53) 
9.  J_.  communis  not  the  dominant  undergrowth  plant   10 

10.  Spiraea  betulifolia  well  represented    PSEUDOTSUGA  MENZIESI I/SPIRAEA  BETULIFOLIA  h.t. (p.  52) 

10.  S^.  betuli  fol  ia  poorly  represented   II 

II.  Arnica  cordifolia  or  Antennaria  racemosa  the  dominant  undergrowth  .    .       PSEUDOTSUGA  MENZIESI I/ARNICA  CORDIFOLIA  h.t. (p.  54) 
II.  A.   cordifolia  and  A.   racemosa  not  the  dominant  undergrowth    12 

12.   Festuca  scabrella  common   PSEUDOTSUGA  MENZIESI I /FESTUCA  SCABRELLA  h.t.  (p.  38) 

12.  £.  scabrel  la  scarce   13 

13.  Symphoricarpos  oreophi lus  well  represented  and  Festuca  idahoensis 

scarce    PSEUDOTSUGA  MENZIESI I/SYMPHORICARPOS  OREOPHI LUS  h . t . (p .  55) 

13.  Not  as  aoove   14 

14.   Festuca  idahoensis  common;  Pinus  ponderosa  scarce    PSEUDOTSUGA  MENZIESI I/FESTUCA  IDAHOENSIS  h.t. (p.  38) 

14.  P_.   idahoensis  usually  scarce;  Agropyron  spicatum  well 

represented;  Pinus  ponderosa  usually  common   PSEUDOTSUGA  MENZ I  ESI  I /AGROPYRON  SPICATUM  h.t. (p.  37) 
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D.     Key  to  Picea  Habitat  Types 


.    .     PICEA/EQUISETUM  ARVENSE  h.t.(p.  58) 

7 

2.  Clintonia  uniflora,  Comus  canadensis,  or  Aralia  nudicaulis 

.    .    .     PICEA/CLINTONIA  UNIFLORA  h.t.(p.  59) 

  VACCINIUM  CAESPITOSUM  phase 

 CLINTONIA  UNIFLORA  phase 

.    .  3 

3.   Physocarpus  malvaceus  well  represented   

PICEA/PHYSOCARPUS  MALVACEUS  h.t.(p.  61) 

3.  Physocarpus  poorly  represented   

.  4 

4.  Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

PICEA/GALIUM  TRIFLORUM  h.t.(p.  62) 

5 

PICEA/VACCINIUM  CAESPITOSUM  h.t.(p.  62) 

6 

PICEA/LINNAEA  BOREALIS  h.t.(p.  64) 

6.   Linnaea  scarce   

7 

7.  Smilacina  stellata  or  Thalictrum  occidentale  present  .... 

PICEA/SMILACINA  STELLATA  h . t . (p .  65) 

7.  Not  as  above;  Senecio  streptanthifolius  present;  undergrowth 

PICEA/SENECIO  STREPTANTHIFOLIUS  h.t.(p.  63) 

  PSEUDOTSUGA  MENZIESII  phase 

b.   Pseudotsuga  scarce  (stands  above  its  elevational  limits)   ....     PICEA  phase 

E.     Key  to  Abies  grandis 

Habitat  Types 

ABIES  GRANDIS/CLINTONIA  UNIFLORA  h.t.(p.  67) 

a.  Aralia  nudicaulis,  Gymnocarpium  dryopteris,  or 

Athyrium  filix-femina  common   

  ARALIA  NUDICAULIS  phase 

b.   Xerophyllum  tenax  well  represented   

  XEROPHYLLUM  TENAX  phase 

  CLINTONIA  UNIFLORA  phase 

2 

ABIES  GRANDIS/ LINNAEA  BOREALIS  h.t.(p.  69) 

  XEROPHYLLUM  TENAX  phase 

b.  Xerophyllum  poorly  represented   

  LINNAEA  BOREALIS  phase 

ABIES  GRANDIS/XEROPHYLLUM  TENAX  h.t.(p.  69) 

F.   5  G.     Key  to  Thuja  and  Tsuga 

heterophylla  Habitat  Types 

THUJA  PLICATA/OPLOPANAX  HORRIDUM  h.t.(p.  73) 

2 

2.  Tsuga  heterophylla  present  and  reproducing  successfully  .    .  . 

TSUGA  HETEROPHYLLA/CLINTONIA  UNIFLORA  h.t. (p.  74) 

a.  Aralia  nudicaulis,  Gymnocarpium  dryopteris,  or 

Athyrium  f i lix- fem.ina  common  

  ARALIA  NUDICAULIS  phase 

  CLINTONIA  UNIFLORA  phase 

2.  Tsuga  heterophylla  absent  or  not  reproducing  successfully  .  . 

THUJA  PLICATA/CLINTONIA  UNIFLORA  h.t. (p.  71) 

a.  Aralia  nudicaulis,  Gymnocarpium  dryopteris,  or 

Athyrium  filix-femina  common   

  ARALIA  NUDICAULIS  phase 

  MENZIESIA  FERRUGINEA  phase 

  CLINTONIA  UNIFLORA  phase 

H.     Key  for  Pinus  contorta  Communities 

1 

ABIES  LASIOCARPA/CLINTONIA  UNIFLORA  h.t. (p.  82) 

1 

2 

2.  Two  of  these  moist-site  forbs  present:  Galium  triflorum. 

ABIES  LASIOCARP.A/GALIUM  TRIFLORUM  h  .  t .  (p  .  86) 

3 

3 

ABIES  LASIOCARPA/CALAMAGROSTIS  CANADENSIS  h.t. (p.  88) 

3 

C.   canadensis  poorlv  represented   

4 

PINUS  CONTORTA/VACCINIUM  CAESPITOSUM  comm.   type(p.  118) 

5 

5 

PINUS  CONTORTA/ LINNAEA  BOREALIS  comm.  type(p.  119) 

S 

Linnaea  scarce   

6 

ABIES  LASIOCARPA/XEROPHYLLUM  TENAX  h.t. (p.  94) 

7 

7 

ABIES  LASIOCARPA/VACCINIUM  GLOBULARE  h.t. (p.  97) 
8 

7 

PINUS  CONTORTA/VACCINIUM  SCOP.ARIUM  comm.  type  (p.  119) 

9 

9 

PINUS  CONTORT A/CALAMAGROSTIS  RUBESCENS  comm.  type(p.  120) 

9 

10 

ABIES  LASIOCARPA/CAREX  GEYERI  h.t. (p.  105) 

11 

11 

Juniperus  communis   (or  J.  horizontalis)  the  major  undergrowth     .  . 

PSEUDOTSUGA  MENZIESI I/JUNIPERUS  COMMUNIS  h.t. (p.  S3) 

11 

Not  as  above;  Purshia  tridentata  present   

PINUS  CONTORTA/PURSHIA  TRIDENTATA  h.t. (p.  117) 
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1.     Key  to  Abies  lasiocarpa  Habitat  Types 

A.     Sites  at  or  above  tlie  cold  limits  of  Pseudotsuga  and 
also  meeting  one  of  the  following  criteria: 

(a)  Pinus  albicaulis  well  represented; 

(b)  Luzula  lutchcocki i  present; 

(c)  Ribes  montigenum  present: 

(d)  Stands  at  upper  timberline 

UPPER  SUBALPINE  AND  TIMBERLINH  h.t.s   17 

A.     Not  as  above 

LOWER  SUBALPINE  h.t.s   1 

1.     Oplopanax  horridum  well  represented   ABIES  LASinCARPA/OPLOPANAX  HORRIDUM  h  .  t .   (p.  811 

1.     Oplopanax  poorly  represented    2 

2.     Clintonia  uniflora  present    ABIES  LASIOCARPA/CLINTONIA  UNIFLORA  h . t . (p .  821 

a.  Aral ia  nudicaul is ,  Gyronocarpium  dryopteris , 

or  Athyrium  filix-femina  common    ARALIA  NUDICAULIS  phase 

b.  Menziesia  ferruginea  well  repiesented    MENZIESIA  FERRUfilNEA  phase 

c .  Vacciniuro  caespitosum  or  Arctostaphylos 

uva-ursi  common   VACCINIU.M  CAESPITOSUM  phase 

d.  Xerophyllum  tenax  well  represented    XEROPHYLLUM  TENAX  phase 

e.  Not  as  above   CLINTONIA  UNIFLORA  phase 

2.     Clintonia  absent  '   3 

3.    Menziesia  ferruginea  well  represented   4 

5.     Menziesia  poorly  represented    5 

4.     Tsuga  mertensiana  well  represented    TSUGA  MERTENSIANA/MENZIESIA  FERRUGINEA  h . t . (p.  94) 

4.    Tsuga  mertensiana  poorly  represented    ABIES  LASIOCARPA/flENZIESIA  FERRUGINEA  h . t . Cp .  921 

5.     Calamagrostis  canadensis,  Senecio  triangularis,  or 

Ledum  glandulosum  well  represented    ABIES  LASIOCARPA/CALAflAGROSTlS  CANADENSIS  h.t.(p.  88) 

a.  Gal ium  trif lorum  or  Actaea  rubra  present   GALIUM  TRIFLORUM  phase 

b.  Vaccinium  caespitosum  present    VACCINIUM  CAESPITOSUM  phase 

c.  Not  as  above   CALAMAGROSTIS  CANADENSIS  phase 

5.     C.  canadensis,  S.  triangularis .  and  Ledum  poorly 

represented    6 

6.     Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Actaea  rubra,  Streptopus  amplexifolius    ABIES  LASIOCARPA/GALIUM  TRIFLORUM  h.t.(p.  86) 

6.     Not  as  above   7 

7.     Vaccinium  caespitosum  present   ABIES  LASIOCARPA/VACCINIUM  CAESPITOSIW  h  .  t .  (p .  87) 

7.    y^.  caespitosum  absent   8 

8.     Linnaea  boreal  is  common   ABIES  LASIOCARPA/ LINNAEA  BOREALIS  h.t.(p.  90) 

a.  Xerophyllum  tenax  well  represented  XEROPHYLLUM  TENAX  phase 

b.  Vaccinium  scoparium  well  represented  VACCINIUM  SCOPARIUM  phase 

c.  Not  as  above  LINNAEA  BOREALIS  phase 

8.     Linnaea  scarce    9 

9.     Alnus  sinuata  well  represented    ABIES  LASIOCARPA/ALNUS  SINUATA  h.t.Cp.  100) 

9.     A.  sinuata  poorly  represented    10 

10.     Xerophyl lum  tenax  common    II 

10.     Xerophyl Ium  scarce    12 

11.     Tsuga  mertensiana  well  represented    TSUGA  'lERTENSIANA/XEROPHYLLUM  TENAX  h.t.(p.  97) 

II.     Tsuga  mertensiana  poorly  represented    ABIES  LASIOCARPA/XEROPHYLLUM  TENAX  h.t.(p.  94) 

a.  Vaccinium  globulare  poorly  represented 

and  V.  scoparium  abundant    VACCINIUM  SCOPARIUM  phase 

b.  Not  as  above  VACCINIUM  GLOBULARE  phase 

12.     Vaccinium  globulare  well  represented    ABIES  LASIOCARPA/VACCINIUM  GLOBULAftE  h.t.(p.  97) 

12.     V.  globulare  poorly  represented   13 

13.     Vaccinium  scoparium  (including  V.  myrtillus)  well 

represented    ABIES  LASIOCARPA/VACCINIUM  SCOPARIUM  h.t.(p.  98) 

a.  Calamagrostis  rubescens  common  and 
Arctostaphylos  uva-ursi  or  Berberis  repens 

present    CALAMAGROSTIS  RUBESCENS  phase 

b .  Thalictrum  occidentale  common  or 

Viola  orbiculata  or  Valeriana  sitchensis 

present  THALICTRUM  OCCIDE.NTALE  phase 

c.  Not  as  above  VACCINIUM  SCOPARIUM  phase 

13.    y_.  scoparium  poorly  represented   14 

14.     Clematis  pseudoalpina  (including  C.  tenuiloba)  present 
or  Pinus  flexilis  common.     (Sites  usually  on  calcareous 

substrates.)   ABIES  LASIOCARPA/CLEf-IATIS  PSEUDOALPINA  h .  t .  (p.  102) 

14.     C.  pseudoalpina  absent  and  Pinus  flexilis  scarce    15 

IS.     Calamagrostis  rubescens  well  represented    ABIES  LASIOCARPA/CALAMAGROSTIS  RUBESCENS  h.t.(p.  101) 

IS.     C^.  rubescens  poorly  represented   16 

16.     Carex  geyeri  well  represented  under  well-developed  forest 

canopies   ABIES  LASIOCARPA/CAREX  GEYERI  ti.t.(p.  105) 

a.  Pseudotsuga  well  represented;  Carex  geyeri 
sharing  dominance  in  the  undergrowth  with 

forbs  such  as  Thalictrum  PSEUDOTSUGA  MENZIESIl  phase 

b.  Pseudotsuga  poorly  represented;  undergrowth 

dominated  by        geyeri  alone  CAREX  GEYERI  phase 

16.     C.  geyeri  poorly  represented  .   .   .   ABIES  LASIOCARPA/ARNICA  CORDIFOLIA  h.t.(p.  103) 

17.     Abies  lasiocarpa  and  Picea  engelmannii  scarce  and 

Pinus  albicaulis  the  indicated  climax   PINUS  ALBICAULIS  h.t.s.  (p.  114) 

17.     Not  as  above   18 

18.    Timberline  habitats;  Abies  lasiocarpa  stunted; 

Pinus  contorta  and  Menziesia  ferruginea  absent    19 

18.     Forest  habitats;  Abies  lasiocarpa  tall  (generally 

50  feet  or  more  at  maturity)   20 

19.     Larix  lyallii  present   LARIX  LYALLI I -ABIES  LASIOCARPA  h .  t .  s  .  (p .  112) 

19.     Larix  lyallii  absent    PINUS  ALBICAULIS-ABIES  LASIOCARPA  h . t . s  (p.  Ill) 

20.     Calamagrostis  canadensis ,  Senecio  triangularis,  or 

^Ledum  glandulosum  well  represented    ABIES  LASIOCARPA/CALAMAGROSTIS  CANADENSIS  h.t.(p.  88) 

20.     C.  canadensis ,  S.  triangular! s ,  and  Ledum 

poorly  represented    21 

21.     Luzula  hitchcockii  present  or  Menziesia  ferruginea 

well  represented   22 

21.     L^.  hitchcocki i  absent  and  Menziesia  poorly  represented  ...  23 

22.    Tsuga  mertensiana  well  represented   TSUGA  MERTENSI ANA/LUZULA  HITCHCOCKII  h.t.Cp.  110) 

a.  Menziesia  ferruginea  well  presented    MENZIESIA  FERRUGINEA  phase 

b.  Menziesia  poorly  represented    VACCINIUM  SCOPARIUM  phase 

22.    Tsuga  mertensiana  poorly  represented    ABIES  LASIOCARPA/LUZULA  HITCHCOCKII  h.t.(p.  108) 

a.  Menziesia  ferruginea  well  represented    MENZIESIA  FERRUGINEA  phase 

b.  Menziesia  poorly  represented  VACCINIUM  SCOPARIUM  phase 

23.     Vaccinium  scoparium  (including  V.  myrtillus)  ABIES  LASIOCARPA-PINUS  ALBICAULIS/VACCINIUM  SCOPARIUM 

Carex  geyeri  well  represented    h.t.(p.  107) 

23.     Not  as  above;  Ribes  montigenum  present    ABIES  LASIOCARPA/RI BFS  MONTIGENUM  h . t . (p.  106) 
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Figure  8. — Pinus  f lexilis/Festuca  idahoensis  h.t.     (V .  scabrella  phase)  at  the  western 
edge  of  the  Great  Flains,  northwest  of  Choteau  in  central  Montana  (5,900  feet  elev.). 
Trees  are  a  mixture  of  Pinus  flexilis  and  stunted  Pseudotsuga. 


Pinus  flexilis  dominates  stands  that  extend  eastward  from  the  foothills  into  the 
adjacent  Great  Plains  (fig.  8).     Low  tree  height  (about  20  feet)  and  the  topographic 
position  of  such  stands  below  the  forest  proper  is  suggestive  of  the  "coniferous  wood- 
land" or  pinyon- juniper  zone  of  the  southwestern  United  States. 

Pinus  flexilis  stands  are  also  found  on  steep,  dry,  rocky  mountain  slopes  at 
lower  to  midelevations  (fig.  9).    Adjacent  drier  sites  are  grassland,  while  cooler,  more 
moist  exposures  often  support  the  Pseudotsuga  series.     In  this  situation  the  Pinus 
flexilis  series  generally  represents  a  topographic  or  edaphic  climax. 

Vegetation. --Pinus  flexilis  is  either  the  only  tree  species  present  or  it  is 
codominant  with  Pseudotsuga  and  reproducing  successfully  with  no  indication  of  being 
replaced  at  climax.    Agropyron  spioatum  dominates  the  undergrowth  in  stands  at  lower 
elevations  on  dry,  rocky  sites.    With  increasing  moisture,  Pseudotsuga  becomes  codomi- 
nant with  Pinus  flexilis,  and  undergrowth  is  dominated  by  Festuoa  idahoensis  or 
F.  soahrella.    At  the  highest  elevations  occupied  by  this  series,  bunchgrasses  give 
way  to  undergrowth  dominated  by  Juniperus  oommunis,  J.  horizontalis ,  and  dry-site  forbs. 

Soil/Climate. — Sites  are  generally  rocky  with  intermittent  shallow  duff  accumula- 
tion (appendix  D-1) .     Surface  soils  are  shallow  gravelly  loams  to  gravelly  silts, 
nearly  neutral,  and  generally  derived  from  limestone  or  other  calcareous  parent 
materials.     Surface  horizons  are  typically  dark-colored,  reflecting  the  strong  influ- 
ence of  grasses  and  forbs  on  soil  development. 
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Figure  9. — Pinus  f lexilis/ Juniperus  communis  h.t.  high  on  a  southwest  ecirposure  (7^650 
feet  etev.  near  Red  Lodge  in  south-central  Montana.     Pseudotsuga  is  subordinate  to 
Pinus  flexilis;  the  substrate  is  calcareous. 


Weather  stations  at  Townsend  and  Black  Leaf  apparently  have  a  climate  typical  of 
the  Pinus  flexilis  series.     Some  climatic  parameters  for  these  stations  are  shown  in 
appendix  D-2. 

Productivity /Management. — Timber  productivity  is  very  low  (appendix  E-4)  in  the  se- 
vere environments  of  this  series.     Site  indexes  of  both  Pinus  flexilis  and  Pseudotsuga 
menziesii  are  very  low,  and  stockability  limitations  are  reflected  by  low  basal  areas  in 
natural  stands  (appendix  E-1) ,    Old  growth  trees  rarely  reach  50  feet  height  (appendix  E-2)  . 

The  forage  value  of  the  undergrowth  for  domestic  stock  or  wildlife  varies  among 
the  habitat  types.    The  overstory  may  provide  important  escape  cover  for  wildlife, 
especially  on  sites  adjacent  to  grasslands. 

Pinus  flexilis  seeds  are  large,  and  constitute  an  important  food  source  for  cer- 
tain bird  and  rodent  species. 

Other  studies . --Other  Pinus  flexilis  habitats  have  been  described  southward  in  the 
Rocky  Mountains:  in  Utah  by  Ellison  (1954),  Pfister  (1972a)^  and  Ream  (1964);  in  Wyoming 
by  Reed  (1969),  Despain  (1973),  and  Wirsing  (1973);  and  in  central  Idaho  by  Robert 
Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,   Intermountain  Station). 

Pinus  flexilis / Agropyron  spicatum  h.t. 
(PIFL/AGSP;  limber  pine/bluebunch  wheatgrass) 

Distribution. --The  PIFL/AGSP  h.t.  is  widely  distributed  east  of  the  Continental 
Divide  on  dry,  rocky  sites  adjacent  to  or  within  the  grassland  zone.     Elevations  of  our 
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sample  stands  ranged  from  4,400  feet  on  the  Helena  to  6,600  feet  on  the  Beaverhead 
National  Forest  (appendix  A) . 

Vegetation. --Pinus  flexiUs  is  the  dominant  climax  tree,  often  with  Junivevus 
scoputorwi  as  a  major  climax  associate.     Pseudotsuga  is  occasionally  present  in  minor 
amounts.     In  a  few  areas,  Pinus  ponderosa  is  a  climax  associate. 

Dry-site  forbs  and  graminoids  (grasses,  Carex ,  Junaus,  and  other  grasslike  plants) 
of  the  contiguous  grasslands  accompany  Agropyvon  spicatim  in  the  undergrowth.  These 
include  Eespevochloa  kingii^  Ovyzopsis  hymenoides,  Koelevia  aristata^  Bouteloua  gracilis^ 
Yucca  glauca,  and  species  of  Opuntia^  Phlox,  Draba,  Eymenoxys,  Hymenopappus ,  and  Liatris. 

Soil.--\'\e  found  this  t)^e  only  on  sedimentary  parent  materials,  primarily  lime- 
stone and  sandstone  (appendix  D-1) .     The  average  pH  was  high  (7.1),  reflecting  the 
calcareous  parent  materials.     Ground  surfaces  had  averages  of  18  percent  exposed  rock 
and  25  percent  bare  soil.     Duff  accumulation  averaged  only  1  cm  on  the  remaining  area. 

Fire  history .- -\^ild fires  are  apparently  of  low  intensity  because  of  sparse  vegeta- 
tion and  rocky,  broken  terrain. 

Productivity /Management . --Although  these  sites  are  often  adjacent  to  heavily-grazed 
grasslands,  domestic  livestock  do  not  use  the  PIFL/AGSP  h.t.  heavily.     Low  forage  pro- 
duction and  steep  slopes  limit  potential  for  domestic  grazing. 

Elk  sign  was  not  observed  on  any  of  our  plots.     Mule  deer  use  was  light. 

Timber  productivity  is  very  low  (appendix  E-4) .     Maximum  heights  of  old-growth 
Pinus  ftexitis  are  only  30  to  35  feet.     Basal  areas  are  also  very  low  (appendix  E) . 

Other  studies . --PIFL/AGSP  stands  in  south-central  and  southeastern  Montana  on  the 
Beaverhead  and  Custer  National  Forests  often  contain  Hesperochloa  kingii .     These  stands 
appear  to  be  related  to  part  of  the  Pinus  flexilis / Hesperochloa  kingii  h.t.  described 
for  the  Medicine  Bow  Mountains  of  Wyoming  (Wirsing  1973) . 

Pinus  flexilis /Festuca  idahoensis  h.t. 
{PIFL/FETD;  limber  pine/ Idaho  fescue) 

Distribution. --The  PIFL/FEID  h.t.   is  found  east  of  the  Continental  Divide  on  dry, 
wind-exposed  slopes;  in  some  localities  it  covers  substantial  acreages.     Elevations  of 
sample  plots  ranged  from  4,800  feet  at  the  base  of  the  Front  Range  west  of  Choteau  to 
8,200  feet  on  the  Beaverhead  National  Forest. 

Vegetation. --Pinus  flexilis  is  a  successfully  reproducing  dominant  in  old-growth 
stands,  often  sharing  climax  status  with  Pseudotsuga.     Juniperus  scopulorum  is  a  minor 
component  of  some  stands. 

The  undergrowth  is  dominated  by  bunchgrasses ,  primarily  Festuca  idahoensis , 
F.  scabrella ,  and  Agropyron  spicatwn.    Associated  species  include  Geum  triflorum. 
Allium  cernuum,  Artemisia  frigida,  Achillea  millefoliim,  Lithospermum  ruderale ,  Koeleria 
cristata,  and  Balsamorhiza  sagittata.     Forb  and  bunchgrass  coverages  are  much  higher 
here  than  in  the  PIFL/AGSP  h.t.    (appendix  C-1)  .     Occasionally  Juniperus  communis 
is  well  represented  in  stands  on  sites  transitional  toward  the  PIFL/ JUCO  h.t. 

Festuca  idahoensis  (FEW)  phase. --This  widely  distributed  phase  denotes  the 
portion  of  the  h.t.  where  Festuca  scabrella  is  scarce. 
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Festuoa  sodbveHa  (FESC)  phase. --This  phase  is  found  exclusively  in  central 
Montana  (fig.  1).     Locally  it  is  extensive,  especially  on  the  east  slope  of  the 
Rockies  in  the  vicinity  of  Choteau  and  in  the  foothills  on  the  east  side  of  the  Big 
Belt  Mountains  north  of  White  Sulphur  Springs.    Festuoa  scabvella  is  common,  and 
codominates  with  F.  idahoensis .     Average  canopy  coverage  for  bunchgrasses  is  notably 
higher  (47  percent)  than  in  the  FEW  phase  (30  percent) .     Where  the  two  phases 
occur  together,  the  Festuca  soahveHa  phase  is  on  the  cooler,  less  rocky  sites. 

Soil. --More  than  one  half  the  sample  stands  were  on  calcareous  parent  materials 
(appendix  D-1).     Surface  soils  were  slightly  basic  on  the  calcareous  substrates  and 
neutral  to  acidic  on  other  substrates.     Textures  were  gravelly,  ranging  from  sandy 
loams  to  silts.    Moderate  amounts  of  surface  rock  (12  percent)  and  bare  soil   (8  percent) 
were  exposed  in  the  FEID  phase.     Duff  was  shallow  (1  cm)  in  both  phases. 

Fire  history . --Evidence  of  wildfire  was  more  conspicuous  here  than  in  the  PIFL/ 
AGSP  h.t.     However,  fires  did  not  appear  to  markedly  modify  plant  composition. 

Productivity /Management. — PIFL/FEID  h.t.  seems  to  be  capable  of  supporting  con- 
siderable use  by  domestic  stock.     However,  use  was  light  in  the  areas  we  sampled. 
Immediately  north  of  the  Montana  border.  Moss  and  Campbell   (1947)  found  that  heavy 
grazing  of  Festuca  scabrella-domina.ted  grasslands  resulted  in  greatly  decreasing  the 
coverage  of  that  species  while  increasing  the  coverage  of  Festuca  idahoensis. 

Pellets  and  shed  antlers  from  both  deer  and  elk  indicate  moderate  to  heavy  use  as 
winter  range.     Deer  also  appear  to  use  this  type  as  summer  range.     Overstory  density 
is  adequate  to  provide  cover  and  escape  for  big  game  without  shading  out  desirable 
forage  and  browse  species.     Where  use  by  domestic  stock  and  big  game  conflicts, 
management  priorities  need  to  be  determined. 

Pseudotsuga  is  often  a  major  dominant  on  these  sites,  but  timber  productivity  is 
very  low  (appendix  E-4) .    Average  maximum  heights  for  Pseudotsuga  and  Pinus  flexilis 
are  only  40  to  45  feet  (appendix  E-2). 

Other  Studies . --'Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  have  described  the  FEID  phase  of  PIFL/FEW  h.t.  in  east- 
central  Idaho,  and  Cooper  (1975)  found  a  minor  representation  of  similar  communities  in 
northwestern  Wyoming. 

Pinus  flexilis / Juniperus  communis  h.t. 
{PIFL/ JUCO;  limber  pine/common  juniper) 

Distribution. — The  PIFL/JUCO  h.t.  is  widespread  in  dry  mountain  areas  east  of  the 
Continental  Divide.     It  is  common  in  the  Pryor  Mountains  and  on  the  east  slopes  of 
the  Beartooth  Mountains  near  Red  Lodge.     It  is  primarily  restricted  to  limestone  or 
other  calcareous  parent  materials  on  severe  south  to  southwest  exposures  and  ridges. 
Occasionally  it  is  found  on  north  aspects  adjacent  to  Festuca  idahoensis  grasslands. 
Elevations  of  sample  stands  were  4,600  to  6,000  feet  in  central  Montana,  increasing  to 
7,600  to  8,300  feet  in  the  south-central  portion  of  the  State. 

Vegetation. --Pinus  flexilis  is  a  successfully  reproducing  dominant  in  old-growth 
stands,  often  sharing  climax  status  with  Pseudotsuga.     Rarely,  Pinus  alhicaulis  is  a 
minor  climax  associate. 

This  undergrowth  is  composed  primarily  of  dry-site  shrubs  and  forbs.  Jimiperus 
communis  or  J.  horizontalis  are  well  represented  and  bunchgrasses  are  scarce.  Forbs 
commonly  found  are  Clematis  pseudoalpina^  Arnica  cordifolia^  Aster  conspicuus. 
Campanula  rotundifolia^  Galium  boreale^  Astragalus  miser^  Anemone  multifida^  and 
Frasera  speciosa. 
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Soil . --Soils  had  high  pH  values  (average  7.1),  reflecting  the  predominance  of 
calcareous  parent  materials  (appendix  D-1) .     Bare  soil   (1  percent)  and  rock  exposure 
(6  percent)  were  less  than,  and  duff  accumulations  (3  cm)  were  greater  than  in  other 
habitat  types  in  this  series.     Textures  were  gravelly  loams  to  gravelly  clay  loams. 

Fire  history. — Old-growth  stands  sampled  showed  little  evidence  of  fire,  suggesting 
a  low  frequency  of  wildfires  in  this  habitat  type.     Overstories  are  all-aged,  with  con- 
tinual replacement  of  dead  old  growth. 

Productivity . --Timher  productivity  is  low  to  very  low  (appendix  E) .     Cattle  use 
appears  to  be  moderate.     Our  observations  also  indicate  that  mule  deer  make  substantial 
use  of  the  type  from  spring  through  fall. 

Other  studies . --The  PIFL/JUCO  h.t.  appears  to  be  similar  to  part  of  Wirsing's 
(1973)  Pinus  flexilis/Hesperoohloa  kingii  h.t.  described  for  the  Medicine  Bow  Mountains 
of  Wyoming. 

Pinus  ponderosa  Series 

Distribution. --Itl  many  areas  of  the  Montana  Rockies,  the  first  forest  zone  above 
the  grassland  is  Pinus  ponderosa  climax.     This  species  endures  dry  environments  more 
successfully  than  other  native  conifers--except  Pinus  flexilis  and  Juniperus  scopulorum, 
which  form  zones  of  climax  vegetation  only  in  certain  local  areas  of  Montana.  Usually, 
a  belt  of  climax  Pinus  ponderosa  forest  separates  grassland  from  climax  Pseudotsuga 
forests.     When  Pinus  ponderosa  is  found  above  this  belt,  it  usually  is  either  a 
topographic  climax  on  steep  southerly  slopes  or  a  serai  component  of  stands  in  other 
climax  series  (this  relationship  is  shown  in  fig.  6).     In  the  southwestern  part  of 
the  State  (fig.   1),  Pinus  ponderosa  does  not  occur  and  the  grasslands  give  way 
directly  to  Pseudotsuga  forests.     The  valley  base  level  in  these  mountain  areas  usually 
exceeds  5,500  feet  elevation,  and  apparently  the  climate  is  too  cold  for  Pinus  ponderosa 

Vegetation. --Pinus  ponderosa  and  Juniperus  scopulorum  are  the  only  successfully 
reproducing  trees  in  this  series.     Although  Pseudotsuga  is  found  scattered  on  rocky 
microsites,  there  is  no  indication  that  it  can  regenerate  effectively  or  that  it  will  be 
come  more  abundant  at  climax. 

Pinus  ponderosa  savannas  (grasslands  with  scattered  trees)  are  found  in  the 
eastern  part  of  Montana  and  to  a  limited  extent  in  the  mountainous  western  portions. 
However,  our  classification  includes  only  sites  potentially  capable  of  supporting  at 
least  25  percent  coverage  by  tree  canopies.     This  appears  to  be  an  acceptable  break- 
point between  "savanna"  and  "open  forest"  (Penfound  1967) . 

R.  and  J.  Daubenmire  (1968)  discussed  two  groups  of  Pinus  ponderosa  habitat  types; 
(1)  a  shrubby  group  on  deep,  heavy-textured  fertile  soils;  and  (2)  a  grassy  group  on 
stony,  coarse-textured,  or  shallow  soils  (this  includes  the  Pinus-Purshia  habitat  type 
in  which  Purshia  tridentata  is  superimposed  over  the  same  bunchgrasses) .     In  the 
mountains  of  Montana,  the  grassy  group  of  Pinus  ponderosa  habitats  predominates 
(fig.  10).     Stands  are  fairly  open  and  regeneration  is  sparse,  but  rather  well 
distributed.     In  the  eastern  part  of  central  Montana  and  in  southeastern  Montana,  both 
grassy  and  shrubby  groups  are  abundant  (fig.  11  and  12);  tree  reproduction  in  the 
shrubby  group  tends  to  occur  in  dense  patches. 

In  contrast,  in  northern  Idaho  and  adjacent  Washington,  R.  and  J.  Daubenmire  (1968) 
described  dense  patches  of  reproduction  in  the  grassy  group,  and  sparse,  scattered 
reproduction  in  the  shrubby  group.     Interestingly,  most  of  the  Daubenmires'  grassy 
stands  were  on  gentle  terrain,  while  the  shrubby  stands  were  on  steeper  slopes.  Our 
west-side  Montana  stands  (grassy)  were  on  steep  terrain,  and  our  east-side  shrubby 
stands  were  on  gentler  terrain.     The  few  grassy  stands  we  observed  on  level  ground 
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Figure  10. — Pinus  ponderosa/ 
Agropyron  spicatum  h.t.  on 

a  steeip  southwest  exposure 
(2^750  feet  elev.)  near 
Ravalli  in  northwestern 
Montana . 
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Figure  12. — Pinus  ponderosa/ 
Prunus  virginiana  h.t.  TP. 
virginiana  phase)  on  a 
moderate  north  slope  (4^000 
feet  elev. )  east  of  Ashland 
in  southeastern  Montana. 
The  Prunus  has  been  browsed 
back  by  deer. 
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in  western  Montana  had  dense,  patchy  reproduction.     Thus  it  appears  that  topography 
may  influence  natural  seedbed  preparation  and  hence  regeneration. 

The  shrubby  group  is  poorly  developed  in  the  Montana  Rockies.     If  a  dense  shrubby 
layer  occurs  beneath  an  overstory  of  Pinus  pondevosa^  Pseudotsuga  is  usually  regen- 
erating and  is  the  indicated  climax. 

Substantial  genetic  differences  appear  to  exist  between  west-  and  east-side  popu- 
lations of  Pinus  ponderosa.     A  manifestation  of  this  is  the  high  frequency  of  trees 
having  mostly  two  needles  per  fascicle  in  the  eastern  part  of  central  Montana  and  in 
southeastern  Montana.     A  much  smaller  proportion  of  trees  bearing  two-needle  fascicles 
occurred  in  sample  plots  near  Helena,  and  few  if  any  were  found  in  Pinus  ponderosa  west 
of  the  Divide.     Height  growth  differential  also  suggests  east-west  genetic  differences 
in  this  species;  trees  in  eastern  Montana  may  grow  as  rapidly  as  their  west-side 
counterparts,  but  they  reach  their  maximum  height  at  an  earlier  age  (appendix  E-2) . 

East  of  the  Continental  Divide  Rhus  tvilohata  is  commonly  encountered  throughout 
the  Pinus  ponderosa  series.     In  central  and  southeastern  Montana,  the  grassy  group  of 
Pinus  ponderosa  habitat  types  includes  several  additional  species.     Yucca  glauca,  and 
Opuntia  spp.,  Carex  pensylvanica,  Bouteloua  spp.,  and  Andropogon  spp.  are  found  on  some 
of  the  driest  sites. 

Soil. --Soils  are  variable  throughout  this  series.     The  surface  horizons  are 
gravelly  in  all  types  except  the  Berheris  revens  phase  of  the  PIPO/SYAL  h.t.  Less 
surface  rock  and  bare  soil  are  exposed  in  the  shrubby  group  of  habitat  types,  but  this 
may  be  attributable  to  heavier  duff  accumulation  and  more  undergrowth  rather  than 
inherent  site  characteristics. 

Fire  history . --Be fore  the  advent  of  modern  fire  suppression,  ground  fires  were 
frequent  in  most  Pinus  ponderosa  habitat  types,  but  had  little  effect  upon  vegetative 
composition.     Of  the  major  undergrowth  species,  only  Purshia  tridentata  is  likely  to 
be  killed  by  fire,  and  it  reinvades  burned  areas  quickly  (R.  and  J.  Daubenmire  1968). 
In  the  tree  layer,  only  saplings  and  smaller  poles  are  normally  killed  by  most  fires 
in  these  habitat  tv^pes. 

Productivity /Management . --Timber  productivity  ranges  from  very  low  to  moderate 
within  the  series  (appendix  E) .     The  grassy  habitat  types  (including  PIPO/PUTR) 
support  open  forests  with  stockability  limitations  and  slow  growth  rates.  The 
bunchgrass-dominated  undergrowth  has  above-average  forage  potential  for  livestock  or 
big-game  winter  range,  depending  on  location  within  a  particular  landscape. 

The  shrubby  habitat  t>^es  support  closed-canopy  forests  with  a  higher  productivity 
potential  (appendix  E) .     Forage  production  for  domestic  livestock  is  lower  under  the 
closed  canopies,  although  browse  species  may  provide  good  forage  for  big  game. 

Wellner  and  Ryker  (1973)  suggest  that  a  full  range  of  silvicultural  systems  are 
available  for  timber  harvesting  and  regeneration  in  this  series.     Under  any  system, 
natural  regeneration  will  be  slow  because  good  seed  crops  are  infrequent  and  soil 
moisture  is  often  inadequate  for  seedling  establishment.     Mechanical  site  preparation 
will  aid  establishment  by  reducing  competition  for  moisture. 

Foiles  and  Curtis  (1973),  in  applying  cutting  methods  to  R.  and  J.  Daubenmires' 
(1968)  Pinus  ponderosa  habitat  types,  emphasize  clearcutting  and  mechanical  site 
preparation  where  dwarf  mistletoe  is  present  or  where  timber  production  is  the  primary 
goal.     We  advocate  caution  in  clearcutting  in  this  series  in  Montana  for  several  reasons 

1.  Dwarf  mistletoe  is  rarely  found  on  Pinus  ponderosa  in  Montana. 

2.  Many  natural  stands,  especially  in  the  grassy  group,  are  unevenaged. 
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3.     Timber  production  often  will  not  be  the  primary  goal  because  other  multiple- 
use  values  are  often  higher. 

Based  on  these  considerations,  we  suggest  selection  or  shelterwood  systems  coupled 
with  a  long  natural  regeneration  period  as  a  general  guideline  for  this  series.  In 
practice,  stand  prescriptions  should  be  based  on  individual  stand  conditions,  local 
experience,  and  management  objectives.     For  instance,  even-aged  stands  in  the  PIPO/SYAL 
and  PIPO/PRVI  h.t.s.  may  be  suited  to  seed-tree  or  clearcut  systems. 

Finns  ponderosa/Andropogon  spp .  h . t . 
(PIPO/AND;  ponderosa  pine/bluestem) 

Distribution. --This  is  a  minor  habitat  type  in  southeastern  Montana,  where  it 
apparently  represents  the  driest  conditions  within  the  Pinus  ponderosa  series.  It 
occurs  rarely  in  the  vicinity  of  Ashland  (where  our  one  stand  was  sampled) ,  but  is 
reportedly  more  common  eastward  in  the  Long  Pine  Mountains  near  the  South  Dakota 
border.     Stands  are  found  on  south-facing  slopes  at  elevations  near  4,000  feet.  This 
habitat  type  replaces  PIPO/FEID  and  PIPO/AGSP  as  one  goes  eastward  toward  the  Black 
Hills,  where  Thilenius  (1972)  described  a  similar  "habitat  unit"  (No.  ll--Pinus 
ponderosa/Andropogon  scoparius) . 

Vegetation . --Yery  open  stands  of  Pinus  ponderosa  are  typical.     Undergrowth  is 
dominated  by  rather  low-growing  forms  of  either  Andropogon  gerardii  or  A.  scoparius 
and  dry-site  forbs.    Agropyron  spioatum  and  Festuca  idahoensis  are  poorly  represented. 

Management . --Management  implications  are  similar  to  those  for  the  PIPO/AGSP  h.t. 

Pinus  ponderosa/ Agropyron  spioatum  h.t. 
{PIPO/AGSP',  ponderosa  pine/bluebunch  wheatgrass) 

Distribution. --The  PIPO/AGSP  h.t.  is  widespread  in  Montana  below  4,800  feet 
elevation  on  the  driest  forested  sites,  especially  on  south-facing  slopes. 

Vegetation. --Pinus  ponderosa,  and  occasionally  Juniperus  soopulorum,  are  the  only 
successful  coniferous  trees.     Grassland  forbs  and  minor  amounts  of  shrubs  accompany 
Agropyron  spioatum  in  the  undergrowth:  these  include  Balsamorhiza  sagittata^  Lithospermwn 
ruderale ,  and  Prunus  virginiana.     Stands  in  western  Montana  have  undergrowth  composition 
similar  to  that  of  R.  and  J.  Daubenmires '   (1968)  Pinus -Agropyron  h.t.     However,  species 
composition  is  somewhat  different  on  some  sites  east  of  the  Continental  Divide  (as 
discussed  in  the  series  description),  and  this  may  warrant  future  phase  recognition. 

Soil / Climate . --Out  stands  were  on  a  variety  of  sedimentary  parent  materials,  the 
majority  of  which  were  calcareous  (appendix  D-1).     Surface  soils  were  gravelly  loams  to 
gravelly  silts  and  ranged  from  acidic  to  slightly  basic,  depending  on  the  parent 
material.     Ground  surfaces  had  moderate  bare  soil  (7  percent)  and  little  rock  exposed 
(3  percent);  duff  depth  averaged  less  than  4  cm.    Most  of  the  soils  had  an  Al  horizon. 

Weather  data  for  Roundup  (appendix  D-2)  reflect  the  climate  of  this  habitat  type 
in  central  Montana. 

Productivity /Management . --klthough  forage  production  is  low,  winter  use  by  mule 

deer  was  evident  on  most  sites.     Occasional  evidence  of  elk  use  was  also  observed. 

This  habitat  type  may  have  moderate  potential  for  livestock  forage  production 
where  slopes  are  not  too  steep. 

Timber  productivity  is  low  to  very  low,  with  low  site  indexes  and  stockability 
limitations  (appendix  E) .     Clearcutting  will  generally  result  in  conversion  to  a  grass- 
land community  with  very  slow  reinvasion  of  Pinus  ponderosa.     Intensive  site  preparation 
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and  planting  may  succeed,  but  the  expense  is  difficult  to  justify  with  such  low  growth 
potential.     Light  selection  or  sanitation-salvage  cutting  can  provide  some  timber  while 
maintaining  site  protection.     Natural  regeneration  may  take  20  to  40  years,  but  this 
should  be  acceptable  under  a  selection  system  of  management. 

Other  studies. --k  PIPO/AGSP  h.t.  has  been  described  by  R.  and  J.  Daubenmire  (1968), 
by  McLean  (1970)  in  British  Columbia,  by  Hoffman  and  Alexander  (1976)  in  Wyoming,  and  by 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  in  central  Idaho.     This  type  is  more  variable  in  Montana  than  in  other  areas. 

Pinus  ponderosa/Festuca  idahoensis  h.t. 
{PIPO/FEID;  ponderosa  pine/ Idaho  fescue) 

Distribution. — The  PIPO/FEID  h.t.  occurs  throughout  Montana  wherever  the  Pinus 
ponderosa  climax  forest  zone  exists.     It  occurs  primarily  on  south-  and  west-facing 
slopes  with  better  soil  development  or  in  areas  less  droughty  than  the  PIPO/AGSP  h.t. 
Occasionally  it  is  found  on  benchlands  and  gentle  north  slopes  near  lower  timberline 
adjacent  either  to  Festuoa  idahoensis  grasslands  or  to  the  PIPO/AGSP  h.t.  on  drier 
exposures.     Elevations  are  less  than  5,000  feet. 

Vegetation. --Festuoa  idahoensis  and/or  Festuoa  scabrella  are  common  in  the 
undergrowth.    Agropyron  spicatum  is  usually  present.     Associated  species  are  similar 
to  those  of  the  PIPO/AGSP  h.t.,  except  for  greater  frequency  of  Antennaria  rosea 
on  the  PIPO/FEID  h.t.  and  of  Danthonia  unispioata  on  the  PIPO/FEID  h.t.,  FEW  phase 
in  the  Custer  National  Forest. 

Festuoa  idahoensis  (FEID)  phase. --This  phase  is  common  in  west-central  and 
southeastern  Montana.    Festuoa  idahoensis  is  well  represented  and  Festuoa  scabrella  is 
scarce . 

Festuoa  soabrella  (FESC)  phase. --This  phase  is  frequently  found  in  west-central 
and  central  Montana.     Festuoa  soabrella  is  common,  reflecting  sites  that  are  cooler, 
less  droughty,  or  having  better  soil  development  within  the  PIPO/FEID  h.t.  Canopy 
coverage  for  bunchgrasses  averages  substantially  higher  than  for  the  Festuoa  idahoensis 
phase.     Because  Festuoa  soabrella  decreases  markedly  in  coverage  after  several  years 
of  heavy  grazing  (Moss  and  Campbell  1947),  its  mere  presence  under  such  conditions  is 
sufficient  evidence  for  classification  in  this  phase. 

Soil. --Out  stands  were  on  a  variety  of  parent  materials  (appendix  D-1).  Surface 
soils  were  gravelly  loams  to  gravelly  silts.     Most  of  the  soils  were  acidic,  although 
a  few  that  developed  from  calcareous  parent  materials  were  slightly  basic.  Ground 
surfaces  had  little  bare  soil  and  moderate  amounts  of  exposed  rock;  duff  depth  averaged 
4  cm.    Most  of  the  soils  have  darkened  Al  surface  horizons,  reflecting  the  forb  and 
grass  influence  on  soil  development. 

Productivity /Management . --On  gentle  terrain  PIPO/FEID  is  one  of  the  better  forest 
habitat  types  for  production  of  forage  for  domestic  stock.     Forage  production  is  con- 
siderably greater  than  in  the  PIPO/AGSP  h.t.,  especially  in  the  Festuoa  soabrella  phase 
(appendix  C-1)    Mule  deer  apparently  use  these  sites  as  both  winter  and  summer  range. 
Elk  winter  use  appears  greater  than  in  the  PIPO/AGSP  h.t.,  perhaps  due  to  better  cover 
and  forage.     Forage  allocation  between  big  game  and  domestic  stock  should  be  a  major 
management  consideration  in  many  areas  of  this  habitat  type. 

Timber  productivity  is  low,  due  to  both  low  site  index  and  stockability  limitations' 
(appendix  E) .     Silvicultural  considerations  are  similar  to  those  described  for  the 
PIPO/AGSP  h.t. 
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other  studies.— The  FEW  phase  is  nearly  equivalent  to  the  Pinus  ponderosa/Festuoa 
idahoensis  h.t.  described  by  McLean  (1970),  Hoffman  and  Alexander  (1976),  Steele  and 
others  (1975  preliminary  draft  of  forest  habitat  types  of  central  Idaho,  USDA  Forest 
Service,  Intermountain  Station),  and  R.  and  J.  Daubenmire  (1968).     However,  Agropyron 
spiGatwn  is  apparently  more  prevalent  in  Montana  than  in  northern  Idaho.     The  FESC 
phase  has  not  been  described  elsewhere. 

Firms  ponderosa/Purshia  tridentata  h.t. 
(PIPO/PUTR;  ponderosa  pine/bitterbrush) 

Distribution . --This  habitat  type  occurs  primarily  on  dry  benches  and  rocky  slopes 
at  low  elevations.     It  is  locally  common  in  the  Kootenai  River  canyon  as  well  as  in  the 
vicinities  of  Plains,  Darby,  and  Helena. 

Vegetation. — In  general  the  undergrowth  composition  is  similar  to  that  of  the 
PIPO/AGSP  or  PIPO/FEID  h.t.  with  the  addition  of  Purshia  tridentata. 

Sometimes  Prunus  virginiana,  and  in  the  Helena  vicinity  Rhus  trilohata,  share 
dominance  with  Purshia.     Cercooarpus  ledifoHus  is  an  associate  of  Purshia  in  stands 
near  Darby,  but  it  is  restricted  to  rock  outcrops. 

Agropyron  spioatum  (AGSP)  phase . --Agropyron  is  the  dominant  grass,  and  the  site 
appears  drier  than  in  the  Festuoa  idahoensis  phase.     Bare  soil  is  more  obvious, 
bunchgrass  canopy  coverage  averages  only  16  percent ,  and  litter  is  sparse. 

Festuoa  idahoensis  (FEID)  phase. --Fes tuca  idahoensis,  F.  scahrella,  and  Agropyron 
spioatum  are  the  dominant  grasses,  and  the  undergrowth  is  better  developed  than  in  the 
Agropyron  spioatum  phase.     Bare    soil    is  less  conspicuous,  slopes  are  gentle,  and 
bunchgrasses  have  a  combined  average  canopy  coverage  of  50  percent.     This  phase  is 
more  important  for  both  livestock  and  big  game  due  to  the  high  coverage  of  bunchgrasses. 

Soil/ Climate . --khout  half  of  the  sample  stands  were  on  calcareous  parent  materials 
(appendix  D-1).     Surface  soils  were  gravelly,  but  not  more  so  than  other  h.t.s  in  this 
series.     Reactions  were  acidic  to  slightly  basic,  depending  on  parent  material.  Ground 
surfaces  had  moderate  (averages  of  4  and  5  percent)  exposed  rock.     The  AGSP  phase  had 
considerable  bare  soil  (17  percent)  and  less  than  1  cm  of  duff,  whereas  the  FEIV  phase 
had  6  percent  bare  soil  with  duff  depth  averaging  2.4  cm.     All  of  the  soils  had  dark- 
ened Al  surface  horizons. 

Weather  data  from  Canyon  Ferry  (appendix  D-2)  provide  an  example  of  the  climate  on 
a  PIPO/PUTR  site. 

Produotivity /Management' --borage  production  for  domestic  stock,  deer,  and  elk  is 
substantial.     Deer  and  elk  winter  use  is  heavy  because  of  mild  temperatures,  lack  of 
snow  cover,  and  the  presence  of  Purshia  tridentata,  one  of  the  more  desirable  big-game 
browse  species.     Purshia  tridentata  is  killed  by  ground  fire  but  apparently  reinvades 
quickly  following  surface  fires  (R.  and  J.  Daubenmire  1968). 

Timber  productivity  is  very  low,  because  of  slow  growth  and  stockability  limita- 
tions (appendix  E) .     Silvicultural  considerations  are  similar  to  those  described  for 
the  PIPO/AGSP  h.t. 

Other  studies  .--'9..  and  J.  Daubenmire  (1968)  described  situations  in  this  habitat 
type  in  which  Stipa  oomata  or  Aristida  longiseta  dominated  the  forb  layer.    Stipa  was 
an  important  component  along  with  Agropyron  spioatum  near  Rexford,  Montana,  but  this 
situation  was  not  found  elsewhere  in  the  State.     R.  and  J.  Daubenmire  (1968)  have  cited 
several  examples  of  this  habitat  type  in  the  northwestern  United  States  and  adjacent 
British  Columbia. 
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Pinus  ponderosa/Symphorioarpos  albus  h.t. 
iPIPO/SYAL;  ponderosa  pine/snowberry) 

Distribution. --This  habitat  type  is  common  on  benchlands  and  north-facing  slopes 
in  central  and  southeastern  Montana.     It  is  occasionally  found  in  western  Montana  on 
benchlands  in  the  lower-elevation  valleys.     Sometimes  the  dry  extreme  of  PIPO/SYAL 
develops  on  south-facing  slopes,  but  the  bunchgrass-dominated  Pinus  ponderosa  habitat 
types  are  generally  more  prevalent  on  such  exposures.     West  of  the  Continental  Divide 
PIPO/SYAL  is  often  absent,  since  the  grassy  Pinus  ponderosa  habitat  types  usually  are 
bordered  by  the  Pseudotsuga  series,  often  the  PSME/SYAL  h.t.     Elevations  of  sample 
plots  ranged  from  2,600  feet  at  Plains  to  5,400  feet  near  Lewistown. 

Vegetation . --Some  stands  appear  even-aged,  exhibiting  a  relatively  uniform,  closed 
canopy.     Other  stands  have  several  age  classes,  reflecting  the  influence  of  ground  fire 
Because  of  fairly  dense  shade  and  heavy  duff  accumulation,  disturbance  appears  neces- 
sary to  establish  regeneration.     Undergrowth  is  dominated  by  Symphoricarpos  albus 
and  other  shrubs,  accompanied  by  a  rich  assortment  of  perennial  forbs  and  grasses. 

Symphoricarpos  albus  (SYAL)  phase/Soil . --This  is  the  most  widespread  phase.  Bunch 
grasses  are  often  codominant  with  Symphoricarpos;  such  stands  either  are  serai,  or  are 
transitional  to  the  grassy  Pinus  ponderosa  habitat  types. 

Parent  materials  in  this  phase  were  variable  with  only  one  stand  found  on  cal- 
careous parent  material  (appendix  D-1) .     Surface  soils  were  slightly  acidic  and 
gravelly  with  a  full  range  of  textures  from  loamy  sands  to  silty  clay  loams.  Ground 
surfaces  were  rock-free  with  little  bare  mineral  soil  exposed  in  natural  stands;  duff 
depth  averaged  4.5  cm.     Although  most  soils  had  darkened  Al  horizons,  a  few  displayed 
surface  A2  or  B  horizons. 

Soil  moisture  depletion  during  the  growing  season  has  been  documented  for  this 
phase  in  two  different  studies  (Daubenmire  1968a,  McMinn  1952) .     Soil  dries  to  the 
wilting  point  in  the  surface  horizons  during  late  June  to  July.     By  mid-  to  late 
August  the  wilting  point  depth  reaches  at  least  20  inches. 

Berberis  repens  (BERE)  phase/Soil . --This  minor  phase  was  found  only  in  central 
Montana  in  the  vicinity  of  Lewistown  and  Roundup  where  it  occupies  gentle  slopes  and 
benches  more  moist  than  those  occupied  by  the  SYAL  phase.     Berberis  repens  is  common 
in  the  luxuriant  undergrowth,  and  bunchgrasses  are  poorly  represented.     Juniperus  com- 
munis and  Spiraea  betulifolia  are  common  in  the  shrub  layer.    Schizachne  purpurascens 
is  often  present,  indicating  some  similarity  to  the  PIPO/PRVI  h.t. 

Parent  materials  in  this  phase  were  exclusively  limestone  (appendix  D-1).  Soils 
were  virtually  gravel-free  in  the  surface  20  cm  and  ranged  from  slightly  acidic  to 
slightly  basic.     Textures  ranged  from  silt  loam  to  silty  clay  loam.     Ground  surfaces 
were  rock-free  and  no  bare  soil  was  exposed  in  natural  stands.     Average  duff  accumula- 
tion was  greater  than  5  cm.     All  soils  had  well-developed  Al  surface  horizons. 

Climate .- -\^edit\\eT  data  for  Lewistown  represent  the  climate  of  the  PIPO/SYAL  h.t. 
in  central  Montana  (appendix  D-2) . 

Productivity /Management . --Timher  productivity  is  low,  although  it  is  one  of  the 
more  productive  habitat  types  in  the  Pinus  ponderosa  series  (appendix  E) .     In  western 
Montana,  site  index  for  Pinus  ponderosa  is  similar  to  that  for  the  grassy  habitat 
types,  but  basal  areas  in  PIPO/SYAL  are  substantially  greater,  indicating  higher 
stockability  and  volume  potentials.     Eastward,  both  site  indexes  and  basal  areas  are 
generally  higher  than  for  the  grassy  habitat  types  in  this  series.     PIPO/SYAL  stands 
should  regenerate  faster  than  the  grassy  habitat  types,  if  site  preparation  is 
adequate.     However,  clearcuts  may  be  difficult  to  regenerate  due  to  drought iness 
and  competition  from  serai  bunchgrasses. 
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Forage  production  is  somewhat  variable.     Bimchgrasses  are  well  represented  in  the 
Symphoricarpos  albus  phase  (appendix  C-1),  indicating  a  good  potential  for  domestic 
livestock.     This  potential  declines  in  later  successional  stages.     Both  phases  have  a 
fair  complement  of  palatable  big-game  browse  species. 

Other  studies .--The  SYAL  phase  is  comparable  to  the  Pinus  ponderosa/Symphoricarpos 
albus  h.t.  described  by  R.  §  J.  Daubenmire  (1968)  and  Robert  Steele  and  others  (1975, 
preliminary  draft  of  forest  habitat  types  of  central  Idaho,  USDA  Forest  Service,  Inter- 
mountain  Station) .    Floffman  and  Alexander  (1976)  describe  a  Pinus  ponderosa/Spiraea 
betulifolia  h.t.  in  Wyoming  that  is  similar  to  our  BERE  phase. 

Pinus  ponderosa/Prunus  virginiana  h.t. 
(PIPO/PRVI;  ponderosa  pine/chokecherry) 

Distribution. --This  habitat  type  was  found  only  in  southeastern  Montana  where  it 
is  restricted  to  moist,  north-facing  slopes  and  draws  mostly  between  3,900  and  4,400 
feet  in  elevation. 

Vegetation . --Stand  structure  is  variable.  Some  stands  appear  to  be  all-aged,  with 
scattered  regeneration  and  rather  uniform  representation  of  size  classes.  Other  stands 
show  two  or  even  three  distinct  size  classes. 

Undergrowth  differs  from  other  Pinus  ponderosa  habitat  types.    Prunus  virginiana, 
Amelanahier  alnifolia,  and  Symphoricarpos  albus  form  a  shrubby  layer.     Green  ash, 
Fraxinus  pennsylvanica ,  occurs  on  semiriparian  sites.     Berberis  repens.  Arnica 
cordi folia,  Cystopteris  fragilis ,  Rhus  radicans ,  Galium  boreale^  Sohizachne  purpurascens 
and  Agrostis  soabra  are  characteristic  of  this  habitat  type. 

Prunus  virginiana  (PRVI)  phase. --This  is  the  common  phase  of  the  habitat  type. 

Shepherdia  canadensis  (SHCA)    phase. --This  minor  phase  was  found  only  on  the 
northern  Cheyenne  Indian  Reservation  west  of  Ashland.     It  is  distinguished  by  a  shrub 
layer  dominated  by  Shepherdia  canadensis.     In  addition,  Arctostaphylos  uva-ursi,  Pyrola 
spp..  Spiraea  betulifolia  and  occasionally  Linnaea  borealis  help  to  differentiate  this 
phase  from  the  rest  of  the  PIPO/PRVI  h.t. 

Soil /Climate. --This  habitat  type  was  found  only  on  noncalcareous  sandstone, 
siltstone,  and  shale  parent  materials  (appendix  D-1) .     Surface  soils  were  acidic  to 
slightly  acidic  gravelly  silt  loams  with  well-developed  Al  horizons.     Ground  surfaces 
were  virtually  rock-free  and  no  mineral  soil  was  exposed  in  natural  stands.  Duff 
depths  averaged  5.8  cm  in  the  PRVI  phase  and  3.5  cm  in  the  SHCA  phase. 

Although  annual  precipitation  is  low  in  this  region  (about  11  inches  at  Ashland) , 
much  of  it  falls  during  the  growing  season.     It  is  doubtful  if  severe  periods  of  summer 
drought  occur  on  these  sites. 

Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E) . 
Average  site  index  and  maximum  stand  heights  are  higher  than  other  eastside  Pinus 
ponderosa  habitat  types. 

A  rich  assortment  of  palatable  shrubs  and  forbs  makes  this  a  preferred  wildlife 
habitat  type.  Mule  deer  browse  heavily  on  Prunus  virginiana,  Amelanchier  alnifolia, 
and  other  shrubs,  often  severely  restricting  development  of  the  shrubs. 

Cattle  make  little  use  of  this  habitat  type,  preferring  adjacent  open  forests 
with  bunchgrass  undergrowth. 

Other  studies. --Thileviins  (1972)  described  three  habitat  units  in  the  Black 
Hills  that  appear  similar  to  the  PRVI  phase:  Pinus  ponderosa- Quercus  maorocarpa/ 
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Prunus  virginiana/SymphoriGarpos  albus/Berberis  repens  (W-6)j  Pinus  ponderosa-Quercus 
macroaarpa/Prunus  virginiana/Symphoricarpos  albus/Schizachne  purpurascens-Carex  foena 
(HU-7)j  and  part  of  Pinus  ponder osa/Prunus  virginiana/ Amelanohiev  alni folia/ Galium 
biflovwn  fHU-Sj.     The  SECA  phase  appears  to  be  related  to  two  of  Thilenius'  (1972) 
habitat  units:  Pinus  pondevosa/ Shephevdia  canadensis /Symphovicarpos  albus / Avotostaphylos 
uva-ursi  (H[]-2)  and  part  of  Pinus  ponderosa/Prunus  virginiana/ Amelanchiev  alni folia/ 
Galium  biflorum  (HU-S). 

Pseudotsuga  menziesii  Series 

Distribution. --Pseudotsuga  is  the  indicated  climax  in  a  broad  forest  belt  at 
moderate  elevations  in  the  Montana  Rockies.     Unlike  the  drier  Pinus  ponderosa 
and  Pinus  flexilis  series,  the  Pseudotsuga  series  does  not  extend  appreciably  out 
onto  the  Great  Plains.     It  is  associated  with  well-drained  mountain  slopes  and 
valleys  and  extends  from  the  lower  elevations  of  forest  growth  up  to  about  5,500 
feet  on  southern  exposures  in  northwestern  Montana,  and  from  lower  timber line  up  to 
about  7,500  feet  on  warm  aspects  in  southern  Montana. 

This  climax  series  is  broader  and  more  diverse  in  the  Montana  Rockies  than  in 
northern  Idaho.     In  fact,  the  Pseudotsuga  and  Abies  lasiocarpa  series  form  the  bulk 
of  the  coniferous  forest  in  the  Montana  Rockies. 

The  Pseudotsuga  series  is  bordered  on  warmer,  drier  sites  by  the  Pinus  ponderosa 
or  P.  flexilis  series  or  by  grassland.     In  many  areas  it  is  bounded  on  more  moist 
sites  by  the  Pioea  series,  and  in  northwestern  Montana  often  by  the  Abies  grandis 
series.     At  higher  elevations  it  gives  way  to  the  Abies  lasiocarpa  series. 

Vegetation . --  Pseudotsuga  menziesii  is  more  shade-tolerant  than  its  principal 
associates,  which  are  Pinus  ponderosa  on  warm-dry  sites  within  the  series,  and  Pinus 
contorta  and  (west  of  the  Continental  Divide)  Larix  occidentalis  under  cool-moist 
conditions.     Historically,  wildfire  has  helped  maintain  these  serai  species  in  much 
of  the  Pseudotsuga  series.     All  four  of  these  species  are  adapted  to  fire,  and  they 
regenerate  well  following  disturbance.    Pinus  ponderosa  and  Larix  occidentalis 
commonly  survive  300  to  400  years,  while  Pinus  contorta  survives  only  about  half  as 
long.     In  the  absence  of  disturbance  Pseudotsuga  is  the  only  species  that  continues 
to  regenerate  in  any  abundance;  thus  it  gradually  becomes  dominant  in  undisturbed 
stands . 

Undergrowth  is  variable  among  the  15  habitat  types  in  this  series.  Bunchgrasses 
dominate  three  of  the  driest  habitat  types:  Pseudotsuga/ Agropyron  spicatum^  Pseudotsuga/ 
Festuca  iddhoensis^  and  Pseudotsuga/Festuoa  scabrella.    These  often  appear  similar  to 
the  corresponding  Pinus  ponciepcsa/bunchgrass  habitat  types  (fig.  13).     In  some  of  the 
other  Pseudotsuga  habitat  types  (for  example,  PSME/CARU) ,  bunchgrasses  often  occur  under 
serai  conditions  and  may  persist  in  openings.     Several  of  the  cooler  Pseudotsuga  habitat 
types  (e.g.,  PSME/VACA,  PSME/LIBO^  PSME/VAGL)  have  undergrowth  roughly  comparable  to 
some  types  in  the  Abies  lasiocarpa  series  (fig.  14). 

Soil/ Climate . -Soils  are  variable  throughout  the  series.     In  general,  habitat 
types  were  not  strongly  related  to  specific  parent  materials,  although  many  were  found 
only  on  noncalcareous  substrates.     Surface  soils  are  consistently  gravelly  and  acidic, 
except  on  calcareous  substrates.     Surface  rock  and  bare  soil  are  conspicuous  in  the 
Pseudotsuga/bunchgrsiss  h.t.s  and  average  duff  depth  is  less  than  3  cm.     Average  duff 
depth  in  the  other  Pseudotsuga  habitat  types  is  from  3  to  6  cm. 

Some  climatic  parameters  for  the  Pseudotsuga  series  are  shown  in  appendix  D-2. 
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Figure  13. — Pseudotsuga  menziesii/Agropyron  spicatum  h.t.  on  a  steep  south  slope  (5,650 
feet  elev,)  east  of  Philipsburg  in  west-central  Montana.     Soil  is  loose  and  sandy; 
much  of  the  ground  surface  is  exposed,  pai'tially  because  of  grazing. 

Figure  14. — Pseudotsuga  menziesii/Vaccinium  globulare  h.t.    TArctostaphylos  uva-ursi 

phase)  on  a  south  exposure  (4,700  feet  elev.)  in  a  relatively  moist  area  west  of 
Missoula  in  west-central  Montana.     Serai  Pinus  ponderosa  dominates  in  the  over- 
story;  Vaccinium  and  Xerophyllum  can  he  seen  in  the  undergrowth. 


Five  history . --Vlild fire  appears  to  have  occurred  more  frequently  in  this  series 
than  in  cooler  or  more  moist  series.     However,  fires  have  generally  been  less  destruc- 
tive to  mature  stands  in  this  series  than  in  the  cooler  or  more  moist  series  (Wellner 
1970;  Arno  1976).     Natural  fire  frequency  in  many  stands  has  been  between  10  and  30 
years . 

ProduGtivity /Management . --Timber  productivity  ranges  primarily  from  low  to 
moderate  in  this  series  (appendix  E) .     Production  of  forage  for  domestic  stock  and  big 
game  varies  considerably  between  habitat  types.     Lower  elevations  and  southerly 
exposures  are  often  important  for  deer  and  elk  winter  range. 

Pseudotsuga  menziesii/Agropyvon  spioatum  h.t. 
(PSME/AGSP;  Douglas-f ir/bluebunch  wheatgrass) 

Distribution. --The  PSME/AGSP  h.t.  represents  the  warm-dry  extreme  of  the 
Pseudotsuga  climax  series.     It  occurs  mostly  on  steep  southern  or  western  exposures, 
and  is  most  common  in  central  and  west-central  Montana.     Elevation  of  sample  plots 
ranged  from  5,000  to  6,500  feet.     It  has  a  cooler  environment  and  shorter  growing 
season  than  the  PIPO/AGSP  h.t. 

Vegetation . --Trees  are  widely  spaced  and  stand  structure  is  similar  to  that  of 
the  grassy  group  of  habitat  types  in  the  Pinus  ponderosa  series.     Pinus  ponderosa  is 
often  a  major  serai  or  climax  associate.     On  limestone-derived  soils,  Pinus  flexitis 
is  commonly  present  as  a  minor  serai  component. 

Undergrowth  is  dominated  by  Agropyron  spioatum  and  Balsamorhiza  sagittata. 
Scattered  shrubs  may  be  present  with  low  coverages  (appendix  C) .     Undergrowth  composi- 
tion is  quite  similar  to  the  PIPO/AGSP  h.t.;  however,  the  PSME/AGSP  h.t.  has  no 
appreciable  representation  of  Great  Plains  grassland  species.     Festuca  idahoensis  was 
common  in  a  few  PSME/AGSP  stands  west  of  the  Continental  Divide,  but  Pinus  ponderosa 
was  a  major  serai  species  and  site  features  fit  the  PSME/AGSP  description. 

Soil. --Our  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent 
materials  (appendix  D-1).     Surface  soils  were  gravelly  (42  percent),  acidic  to  slightly 
basic  (on  limestone),  and  ranged  in  texture  from  loamy  sand  to  silt.     Ground  surfaces 
averaged  11  percent  rock,  13  percent  bare  soil,  and  only  2.5  cm  duff  depth.     All  of  the 
soils  had  an  Al  surface  horizon. 

Productivity /Management . or a.ge  production  for  livestock  is  moderate,  but  steep 
slopes  limit  grazing.     Mule  deer  and  elk  use  was  quite  evident,  apparently  as  part  of 
their  winter  range.     Browse  production  is  low,  but  warm  exposures  encourage  frequent 
use . 

Timber  productivity  is  low  to  very  low,  as  indicated  by  both  low  site  indexes  and 
stockability  limitations   (appendix  E) .     Clearcutting  in  this  type  will  generally  result 
in  conversion  to  grassland  with  very  slow  reinvasion  of  trees.     Light  selection  or 
sanitation-salvage  cutting  will  permit  timber  harvest  and  protect  the  site.  Natural 
regeneration  may  take  20  to  40  years,  but  this  should  be  acceptable  under  a  selection 
system  of  management.     Intensive  cultural  work  is  difficult  to  justify  with  such  low 
productivity  potential. 

Other  studies .  --McLesiTi  (1970)  described  a  very  similar  Pseudotsuga/ Agropyron  h.t. 
in  British  Columbia.     Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  also  describe  a  comparable  situation  in  central  Idaho. 
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Pseudotsuga  menziesii/Festuca  idahoensis  h.t. 
(PSME/FEID;  Douglas-fir/ Idaho  fescue) 

Distribution. --The  PSME/FEID  h.t.  is  found  on  dry  sites  that  are  generally 
cooler  than  those  of  the  PSME/AGSP  h.t.     It  occurs  on  a  variety  of  aspects  usually 
between  5,600  and  7,350  feet  elevation.     PSME/FEID  is  common  in  west -central  Montana 
on  the  Deer lodge  National  Forest  and  in  southwestern  Montana,  but  is  rare  elsewhere. 
In  southwestern  Montana  it  often  occurs  as  a  topographic  climax  at  the  lower  edge  of 
the  forest  on  north  slopes.     It  also  forms  a  topographic  climax  on  southerly  exposures 
at  higher  elevations.     There  stands  are  more  open  and  undergrowth  is  better  developed. 

Vegetation. --PSME/FEID  differs  from  the  other  Pseudotsuga /hunohgrdiSS  habitat 
types  in  that  Pinus  pondevosa  is  essentially  absent.     PSME/FEID  occurs  in  areas 
where  even  the  valley  base  elevations  are  near  the  upper  elevational  or  cold  limits 
of  P.  pondevosa.     Small  amounts  of  Pinus  ftexilis  may  occur  in  stands  on  limestone- 
derived  soils. 

As  with  PSME/AGSP ,  undergrowth  coverage  is  sparse.     Common  associates  of  Festuoa 
idahoensis  include  Rihes  cerewriy  Artemisia  tridentata,  and  Agropyron  spicatum. 

Soil. --Our  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent 
materials  (appendix  D-1).     Surface  soils  were  acidic,  averaged  31  percent  gravel  con- 
tent, and  ranged  in  texture  from  sandy  loam  to  silt.     Ground  surfaces  averaged  9  percent 
rock,  9  percent  bare  soil,  and  2.4  cm  duff  depth.     Almost  all  of  the  soils  had  an  Al 
horizon . 

Productivity /Management . --Forage  potential  for  livestock  is  moderate  in  cleared  or 
open  stands.  Slopes  are  often  gentle  enough  to  allow  domestic  livestock  grazing.  Mule 
deer  and  elk  use  was  quite  evident,  apparently  for  winter  cover  and  forage. 

Timber  productivity  is  low,  as  reflected  by  low  site-index  values  and  apparent 
stockability  limitations  (appendix  E) .     Dense  stands  on  north  or  east  aspects  often 
become  stagnated.     Pseudotsuga  is  the  only  commercial  tree  species  in  this  habitat 
type.     Timber  management  considerations  are  similar  to  those  described  for  the  PSME/ 
AGSP  h.t.,  except  that  small  clearcuts  may  be  appropriate  for  stagnated  stands  on 
north  slopes. 

Other  studies . --This  habitat  type  has  been  described  for  central  Idaho  (Robert 
Steele  and  others  1975  preliminary  draft,  USDA  Forest  Service,   Intermountain  Station). 
McLean  (1970)  described  a  PSME/FEID  h.t.  in  British  Columbia;  however,  his  description 
corresponds  to  our  PSME/CARU  h.t.,  AGSP  phase  in  Montana. 

Pseudotsuga  menziesii /Festuoa  soahrella  h.t. 
(PSME/FESC;  Douglas- fir/rough  fescue) 

Distribution. — The  PSME/FESC  h.t.  was  found  only  in  northwestern,  west-central, 
and  central  Montana.    Most  sample  stands  were  on  south-  or  west-facing  slopes  between 
2,700  and  5,700  feet  in  elevation,  but  they  ranged  as  high  as  7,400  feet  in  central 
Montana . 

Vegetation. --Pinus  ponderosa  is  often  a  major  serai  or  climax  associate  with 
Pseudotsuga.    Only  occasionally  are  sites  found  at  elevations  above  the  cold  limits  of 
Pinus  ponderosa.    Pinus  ftexitis  is  a  minor  component  of  some  stands  on  calcareous  soils. 

Undergrowth  appears  similar  to  that  of  adjacent  Festuoa  soabrella  grasslands. 
Small  amounts  of  Amelanchier  alnifoliay  Prunus  virginiana,  and  Rosa  woodsii  are  often 
found.    Purshia  tridentata  was  abundant  in  two  sample  stands;  in  this  situation 
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wildlife  management  implications  might  parallel  those  for  the  PIPO/PUTR  h.t.  Major 
grasses  and  forbs  associated  with  Festuca  scahvella  include  Agropyron  spicatumj  Festuoa 
idahoensiSj  Koeleria  avistata,  Balsamovhiza  sagittata^  and  Lithospermum  ruderale. 

The  Festuca  soahveHa  union  was  given  habitat  t>^e  status  in  the  Pseudotsuga 
series  for  two  reasons:    (1)  There  is  a  geographical  segregation  of  PS14E/FEII)  and 
PSME/FESC  h.t.s,  the  latter  occurring  to  the  north;    (2)  Pinus  pondevosa.  is  often  a 
major  climax  associate  in  the  PSME/FESC  h.t.,  but  is  absent  in  PSME/FEID.  Festuca 
scabrella  and  F.  idahoensis  unions  have  less-contrasting  habitats  in  the  Pinus  fZex-iZts 
and  P.  pondevosa,  series,  thus  they  are  classified  as  phases. 

5ciiZ-.--0ur  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent  materials 
(appendix  D-1) .     Surface  soils  were  acidic,  averaged  37  percent  gravel  content  and 
ranged  in  texture  from  loam  to  silt.     Ground  surfaces  averaged  5  percent  rock,   7  percent 
bare  soil,  and  2.5  cm  duff  depth.     Many  of  the  soils  had  an  Al  horizon. 

Produc tiv-ity /Management . --On  gentle  terrain,  the  PSME/FESC  h.t.  is  one  of  the 
better  forest  habitat  types  for  production  of  forage  for  domestic  stock.  Canopy 
coverage  of  bunchgrasses  is  much  greater  than  for  other  Pseudotsuga  habitat  types 
(appendix  C-1).    Mule  deer  and  elk  use  was  quite  evident,  apparently  as  winter  range. 

Timber  productivity  is  low  to  very  low,  due  to  both  low  site  index  values  and 
stockability  limitations  (appendix  E) .     Timber  management  considerations  are  similar 
to  those  described  for  the  PSI4E/AGSP  h.t. 

Other  studies. — The  PS!:4E/FESC  h.t.  has  not  been  described  elsewhere. 

(Pseudotsuga  menziesii/Vaccinium  caespitosum  h.t. 
(PSME/VACA-,  Douglas-fir/dwarf  huckleberry) 

Distvihution . — The  PS^4E/VACA  h.t.  is  found  on  relatively  warm  and  moist,  but  well- 
drained  benches  and  gentle  slopes.     It  is  common  in  northwestern,  west-central,  and 
central  Montana.     Elevations  are  mostly  2,500  to  3,800  feet  in  northwestern  Montana, 
2,900  to  4,500  feet  in  west-central  Montana,  and  5,200  to  6,400  feet  east  of  the 
Continental  Divide.     Afternoon  temperatures  may  be  high  in  summer,  but  in  many  of  these 
sites  cold  air  accumulation  creates  a  "frost  pocket." 

Vegetation. --V^o St  stands  in  northwestern  Montana  are  dominated  either  by  Pinus 
pondevosa  or  Larix  occidentalis  (fig.   15),     East  of  the  Continental  Divide  and  on 
colder  sites  in  northwestern  Montana,  Pinus  contovta  is  the  dominant  serai  tree  species. 

Undergrowth  is  a  low,  dense  layer  of  Calamagvostis  vubescens ^  Cai'ex  geyevi^  Vaccin- 
ium  caespitosum^  and  Avctostaphylos  uva-uvsi.    Linnaea  bovealis  is  well  represented  in 
about  a  third  of  the  stands  sampled,  apparently  on  the  more  moist  sites.  Symphovicavpos 
albus  is  sometimes  well  represented,  but  usually  has  less  coverage  than  Calamagvostis 
and  its  low-growing  associates.     Xevophyllum  tenax  is  occasionally  present  on  sites  in 
cool  mountain  canyons. 

The  open,  park-like  conditions  and  large  fire-scarred  serai  trees  found  in 
undisturbed  stands  of  PS4E/YACA  suggest  a  history  of  frequent  ground  fires.     In  many 
cases  Pseudotsuga  has  only  recently  begun  to  regenerate,  because  of  past  fires  or 
perhaps  due  to  moisture  depletion  in  the  surface  soil  caused  by  heavy  stocking  of 
old-growth  Pinus  pondevosa  and  Lavix  occidentalis  and  the  dense  mat  of  undergrowth. 

Soil / Climate . --Out  stands  were  on  a  variety  of  noncalcareous  parent  materials 
(appendix  D-1).     Surface  soils  were  acidic,  gravelly  (26  percent)  sandy  loams  to 
loams.     Very  little  rock  and  bare  soil  were  exposed;  duff  depth  averaged  4.5  cm. 
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Figure  16. — Pseudotsuga  menziesii/Vaccinium  caespitosum  h.t.  on  gentle  terra-in  (4^500 
feet  elev.  )  northeast  of  Missoula.     Pinus  ponderosa  and  Larix  occidental  is 
dominate  the  ovevstovy,  hut  the  regeneration  is  Pseudotsuga. 

Weather  data  from  Greenough  and  Pleasant  Valley  (appendix  D-2)  represent  the 
climate  of  the  PSME/VACA  h.t.  west  of  the  Continental  Divide. 

Productivity /Management . --\iest  of  the  Continental  Divide  this  habitat  type  affords 
good  growth  for  a  mixture  of  commercially  valuable  tree  species;  growth  of  Pinus 
ponderosa  is  excellent.     Productivity  ranges  from  moderate  to  high  in  western  Montana 
(appendix  E) .     Eastward,  the  habitat  type  is  less  productive,  Pinus  oontorta  is  the 
dominant  serai  species,  and  Pinus  ponderosa  and  Larix  ocoidentalis  are  absent. 

Either  even-aged  management  or  selective  removal  of  Pseudotsuga  will  favor 
perpetuation  of  serai  tree  species  in  this  habitat  type.     Overstory  removal  will  lead 
to  increasing  dominance  by  Pseudotsuga.     The  sod  formed  by  Calamagrostis  ruhescens  and 
its  associates  may  need  breaking  for  successful  regeneration  of  conifers.  Wide 
latitude  can  be  taken  in  managing  these  productive  and  accessible  sites. 

Domestic  stock  use  was  observed  only  locally.  The  forage  potential  for  livestock 
is  low  in  natural  stands.  However,  deer,  elk,  and  occasionally  moose  use  them  heavily 
in  winter,  if  snow  depths  are  not  too  great. 

This  habitat  type  is  frequently  used  for  recreation  sites,  including  campgrounds 
and  summer  home  developments. 

Other  studies . --Steele  and  others  (1976  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  has  recorded  this  habitat  type  in  north-central  Idaho.  In 
Alberta,  that  part  of  Ogilvie's  (1962)  Pseudotsuga/Calamagrostis  h.t.  which  includes 
Vaooinium  oaespitosum  appears  to  be  similar. 
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Pseudotsuga  menziesii/Physocarpus  matvaoeus  h.t. 
(PSME/PEMA;  Douglas-f ir/ninebark) 

Distribution. --Iri  most  of  Montana,  the  PSME/PHMA  h.t.  occurs  predominantly  on 
cool  and  moist  north-  or  east-facing  slopes.     However,  the  Catamagrostis  rubesoens 
phase  is  usually  associated  with  southerly  exposures,  and  in  moist  areas  of  north- 
western Montana  the  Physoaarpus  phase  occurs  on  south-facing  slopes.     In  northwestern 
and  west-central  Montana  the  habitat  type  was  found  at  elevations  of  2,000  to  5,700 
feet,  in  central  Montana  at  4,800  to  5,800  feet,  and  in  south-central  Montana  at 
5,100  to  6,700  feet. 

Vegetation. --The  overstory  is  normally  dominated  by  Pseudotsuga.     West  of  the 
Continental  Divide,  Pinus  pondevosa,  Larix  ocoidentalis,  and  Pinus  contovta  are  minor 
serai  components  of  many  stands;  however,  Pseudotsuga  is  usually  the  dominant  tree 
species  in  all  stages  of  succession.     East  of  the  Continental  Divide,  Pseudotsuga  is 
the  only  tree  species  present  in  appreciable  amounts.     An  exception  was  found  on 
limestone  substrates  in  south-central  Montana,  where  Pinus  flexiZis  was  a  major 
associate  of  Pseudotsuga  under  serai  conditions. 

Physoaarpus  malvaaeus  (PHMA)  'phase . --Physoaarpus  malvaaeus  or  Holodisaus  disaolor 
form  a  dense  shrubby  layer  that  dominates  the  undergrowth  (fig.  16).  Symphoricarpos 
albuSj  Spiraea  betuli folia,  Catamagrostis  rubesaens.  Arnica  cordifolia,  and  Carex 
geyeri  are  often  well  represented.    Disporum  traahyaarpum,  Smilaaina  spp.,  Thaliatrum 
ocaidentale ,  and  other  moist-site  forbs  are  common.     Stands  are  normally  on  north  or 
east  aspects. 

Catamagrostis  rubesaens  (CARU)  phase. --This  warm-exposure  variation  of  the 
PSME/PEMA  h.t.  is  common  in  west-central  Montana.     In  mature  stands  Catamagrostis 
rubesoens  and  Carex  geyeri  are  dominant  beneath  a  scattered  Physoaarpus  shrub  layer. 
Agropyron  spiaatum  and  Batsamorhiza  sagittata  are  common  in  half  of  the  sample  stands 
(fig.  17)  and  they  may  dominate  stands  in  early  serai  condition.    Pinus  ponderosa 
is  a  major  serai  dominant  on  these  sites,  and  Pinus  aontorta  and  Larix  oaoidentatis 
are  absent  because  of  droughty  conditions.    This  phase  evidently  represents  a 
transition  from  PSME/PEMA  to  the  PSME/CARU  or  PSME/AGSP  h.t.s. 

Soit.  --Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  west  of  the 
Continental  Divide;  near  and  east  of  the  Continental  Divide  stands  were  also  found  on 
limestone  (appendix  D-1) .     Surface  soils  were  acidic  (slightly  basic  on  limestone), 
gravelly  (average  42  percent),  and  ranged  in  texture  from  sandy  loam  to  silt.  Little 
exposed  rock  was  evident  in  the  PEMA  phase  with  about  5  percent  in  the  CARV  phase.  No 
bare  soil  was  exposed  in  either  phase  and  duff  depth  averaged  about  4  cm  in  both. 

Productivity /Management. — Timber  productivity  is  moderate  to  high  in  western  Mon- 
tana, but  only  low  to  moderate  eastward  (appendix  E) .     The  highest  productivities  are 
found  in  western  Montana  in  the  PEMA  phase.     East  of  the  Continental  Divide,  silvicultural 
prescriptions  consider  only  Pseudotsuga  since  Pinus  ponderosa  and  P.  aontorta  are  rarely 
present.     West  of  the  Divide,  P.  ponderosa,  P.  aontorta,  and  Larix  oaaidentatis  may  be 
perpetuated  where  they  occur  naturally  through  even-aged  management.     Partial  cutting 
favors  Pseudotsuga ,  but  timber  production  may  be  severely  reduced  in  dwarf-mistletoe 
(Araeuthobium)  infected  stands. 

Livestock  usually  graze  only  small  areas  of  gentle  topography  in  this  type. 
Heavy  grazing  can  establish  a  Poa  disclimax  similar  to  that  described  by  R.  and 
J.  Daubenmire  (1968). 

Big  game  use  of  PSME/PEMA  h.t.  is  variable,  ranging  from  transitory  or  bedding 
activity  to  heavy  winter  use  by  elk  and  deer.     Intensity  of  use  may  depend  on 
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Figuve  16. — Physocarpus  phase  TPSME/PHMA  h.t.)  on  a  steep  east  exposuve  (5^000  feet 
elev. )  south  of  Drummond  in  west-central  Montana.  The  overstory  is  almost  purely 
Pseudotsuga  about  170  years  of  age. 


Figure  17. — Calamagrostis  phase  TPSME/PHMA  h.t.)  on  a  steep  southwest  exposure  (4^500 
feet  elev.)  southeast  of  Missoula.     Pinus  ponderosa  is  a  long-lived  serai  dominant. 


snowpack  depth,  successional  stage,  and  the  availability  of  favored  browse  species. 
The  Calamagrostis  rubesoens  phase,  which  occurs  on  warmer  slopes,  may  have  the  greatest 
importance  as  winter  range. 

Other  studies .--R.  and  J.  Daubenmire  (1968)  and  Hoffman  and  Alexander  (1976)  de- 
fined Pseudotsuga/Physocarpus  h.t.s  that  are  similar  to  our  PSME/PHMA  h.t.,  PHMA  phase. 
Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station) 
reported  finding  both  phases  of  the  habitat  type  in  central  Idaho. 

Pseudotsuga  menz-Cesii/Vaaainium  globulare  h.t. 
(PSME/VAGL;  Douglas-fir/blue  huckleberry) 

Distribution. --PSME/VAGL  is  found  on  relatively  cold  sites  within  the  Pseudotsuga 
series,  and  generally  is  bordered  upslope  by  the  Abies  lasiooarpa  series  {ABLA/XETE  h.t., 
VAGL  phase  or  ABLA/VAGL  h.t.).     It  is  a  major  habitat  type  in  vicinities  of  the  Lolo 
and  Bitterroot  National  Forests  and  is  also  prominent  in  central  Montana.     It  occurs  on 
well-drained  slopes  at  elevations  between  4,300  and  6,800  feet. 

Vegetation. --Pseudotsuga  is  the  indicated  climax  as  well  as  a  vigorous  member  of 
most  serai  communities.    Pinus  oontorta^  Larix  occidentalis,  and  Pinus  ponderosa 
are  serai  components  whose  abundance  varies  considerably  by  phase.     Vaaoiniwn  globulare 
is  well  represented  in  undergrowth  throughout  the  habitat  type.     Most  stands  have  a  mat 
of  Calamagrostis  rubesoens  and  Carex  geyeri.     Spiraea  betulifolia  is  usually  common, 
as  is  Xerophyllum  in  two  of  the  phases. 

Arctostaphylos  uva-ursi  (ARUV)  phase. --This  phase  occurs  on  relatively  warm  sites, 
on  moderate  southerly  slopes  mostly  between  4,300  and  5,600  feet.     It  occurs  rather 
extensively  near  and  west  of  Missoula,  as  well  as  along  the  west  side  of  the  Bitterroot 
Valley.    Unlike  other  phases,  Pinus  ponderosa  is  a  dominant  in  serai  communities,  and 
Pinus  oontorta  and  Larix  oooidentalis  have  only  minor  representation  in  most  stands. 
Arctostaphylos  uva-ursi  is  common  in  the  undergrowth,  and  Carex  geyeri  and  Xerophyllum 
are  usually  common  also.     Vegetative  composition  of  stands  in  this  phase  is  related 
to  that  of  the  PSME/CARU  h.t,,  ARUV  phase,  except  for  the  Vaccinium  globulare  and 
Xerophyllum,  which  are  indicative  of  colder  climatic  conditions. 

Xerophyllum  tenax  (XETE)  phase. --Although  this  phase  is  found  in  the  same  geo- 
graphic area  as  the  ARUV  phase,  it  occupies  cooler  sites.     It  is  also  found  on  south- 
ern exposures,  but  at  somewhat  higher  elevations  (4,800  to  6,500  feet).     Pinus  oontorta 
and  Larix  oooidentalis  are  major  dominants  in  serai  stands,  and  Pinus  ponderosa  is 
absent  or  only  a  minor  component.     Vaooinium  globulare  is  usually  well  represented, 
and  Xerophyllum  is  common.    Most  stands  in  this  phase  were  classified  as  Pseudotsuga/ 
Xerophyllum  h.t.  in  our  preliminary  publications  (1972  and  1974). 

Vaooinium  globulare  (VAGL)  phase. --In  contrast  to  the  other  phases,  this  one  is 
commonly  associated  with  the  continental  mountain  climate  found  near  and  east  of  the 
Continental  Divide  in  Montana.     It  was  sampled  in  central  Montana  and  also  locally  in 
an  area  immediately  southeast  of  Missoula.    Unlike  the  other  phases,  it  is  restricted 
to  cool  exposures  (northwest,  north,  and  east),  where  it  occupies  moderately  steep 
slopes.     Elevations  of  sample  stands  ranged  from  6,200  to  6,800  feet  in  central  Montana 
and  from  5,000  to  5,600  feet  near  Missoula.    Pinus  oontorta  is  a  major  component  of 
serai  stands;  additionally,  Larix  oooidentalis  and  Pinus  ponderosa  are  minor  components 
of  the  stands  near  Missoula.    Arotostaphylos  and  Xerophyllum  are  scarce  in  the  under- 
growth, although  Vaooinium  globulare  is  well  represented.    Amioa  latifolia,  indicative 
of  colder  climatic  conditions,  is  common  in  some  stands. 

Soil. --Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix  D-1). 
Surface  soils  were  very  gravelly  sandy  loams  to  silts  in  the  XETE  phase;  gravelly  silty 
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clay  loams  in  the  ARUV  phase,  and  gravelly  loams  to  silts  in  the  VAGL  phase.  Soils  were 
acidic  in  all  phases.  Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depths 
averaged  about  3  cm. 

Productivity/Management . --Timber  productivity  is  low  to  moderate  (appendix  E) . 
Silvicultural  prescriptions  and  choice  of  species  will  vary  depending  on  the  phase. 
This  habitat  type  receives  little  use  by  domestic  stock.  Deer  and  elk  use  is  light 
to  moderate. 

This  is  an  important  habitat  type  for  production  of  Vacciniim  glohulave ,  whose 
berries  are  utilized  by  bears,  grouse,  other  wildlife,  and  humans,  and  whose  shoots 
are  browsed  by  big  game.    Miller  (1977)  studied  the  response  of  Vaooinium  globulare 
to  prescribed  fires  in  spring  and  fall  on  a  site  in  the  Arotostaphylos  phase  in 
west-central  Montana.    Her  findings  should  be  useful  for  predicting  response  of 
Vaooinium  globulare  to  management  activities. 

This  PSME/VAGL  h.t.  includes  a  combination  of  stands  formerly  classified  as 
Pseudotsuga/Vaooinimi  globulare  h.t.  and  Pseudotsuga/Xerophyllwn  tenax  h.t.   (fig.  57, 
page  137)  in  our  preliminary  classifications.     In  final  analysis  it  seemed  most  realis- 
tic to  treat  these  situations  as  three  phases  of  one  habitat  type. 

Other  studies . -Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  have  identified  a  few  stands  as  this  habitat  type  in  central 
Idaho;  it  has  evidently  not  been  noted  or  recognized  elsewhere. 

Pseudotsuga  menziesii/Linnaea  borealis  h.t. 
(PSME/LIBO;  Douglas-fir/twinf lower) 

Distribution. --PSME/LIBO  is  a  major  habitat  type  in  northwestern,  west-central, 
and  central  Montana,  where  it  occurs  on  relatively  moist  sites  for  the  Pseudotsuga 
series.     It  often  forms  a  transition  between  this  series  and  the  Picea,  Abies  grandis, 
or  Abies  lasiocarpa  series.    This  type  is  usually  found  on  moderate  slopes  and  all 
but  the  driest  (southeast  to  west)  aspects.     Elevations  vary  by  phase,  but  are  mostly 
2,600  to  4,000  feet  in  northwestern,  4,000  to  6,000  feet  in  west-central,  and  5,000  to 
6,500  feet  in  central  Montana. 

Vegetation. --Pseudotsuga  forms  the  climax  and  is  also  a  vigorous  member  of  serai 
communities.    Pinus  contorta  is  a  major  component  of  young  stands  throughout  the  VAGL 
and  CARD  phases--col lect ively  the  cooler  sites  within  this  habitat  type.  Larix 
occidentalis  and  Pinus  ponderosa  are  often  components  of  serai  stands  in  northwestern 
and  west -central  Montana,  but  are  absent  eastward. 

Undergrowth  in  all  three  phases  is  characterized  by  a  mat  of  Calamagrostis 
rubesoens  in  which  Linnaea  borealis  is  common.    Also,  Arotostaphylos  uva-ursi.  Spiraea 
betulifolia,  and  Amioa  cordifolia  or  A.   latifolia  are  typically  found.  Other 
characteristics  of  the  undergrowth  vary  by  phase. 

Calamagrostis  rubesoens  (CARU)  phase. --This  phase  occupies  relatively  cold,  dry 
sites  within  the  habitat  type.     It  occurs  mostly  in  west-central  and  central  Montana 
at  4,800  to  6,000  feet  on  cool  exposures,  but  is  found  as  high  as  7,250  feet  in  the 
Big  Hole  River  drainage  of  southwestern  Montana.     Pinus  contorta  is  a  major  component 
of  serai  stands.     Undergrowth  is  distinguished  by  scarcity  of  Vaooinium  globulare  and 
Symphorioarpos  albus.     Vaooinium  scoparium  is  often  well  represented,  showing  this 
phase's  resemblance  to  the  neighboring  (colder)  ABLA/LIBO  h.t.,  VASC  phase.  The 
undergrowth  in  representation  of  Arnica  latifolia  and  moist-site  forbs  Osmorhiza 
chilensis,  Smilacina  stellata,  and  Thalictrwn  occidentale  is  intermediate  between  that 
of  the  SYAL  and  VAGL  phases. 
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Symphoricarpos  albus  (SYAL)  phase. --The  SYAL  phase  occurs  on  benches  and  cool 
exposures  having  moist  and  mi  Id -temperature  environments.     It  was  sampled  at  2,600 
to  3,800  feet  in  northwestern,  4,000  to  5,000  feet  in  west-central,  and  near  6,000  feet 
in  central  Montana.     In  contrast  to  other  phases,  Pinus  contovta  is  seldom  a  component 
of  serai  stands.     Symphoriaarpos  albus  is  well  represented  in  the  undergrowth,  while 
Vacoinium  globulare^  V.  scopariim,  and  XevophylZim  are  poorly  represented.  Avnica 
covdifol-ia  is  common  and  A.   latifolia  rare,  reflecting  warmer  environmental  conditions. 
Also,  moist-site  forbs  Osmovhiza  chilensis,  Sm-ilioina  stellata^   and  Thatiotrum  occi- 
dentdle  are  conspicuous  in  this  phase. 

VacQiniun  globulave  (VAGL)  phase. --This  phase  occupies  the  coolest,  most  moist 
sites  within  the  habitat  type;  it  was  found  mostly  in  west -central  Montana  between 
4,250  and  6,000  feet  elevation  on  cool  exposures.    Pinus  aontorta  is  a  major  component 
of  serai  stands,  and  Vaccinium  globulare  is  well  represented  in  the  undergrowth.  The 
coolness  of  these  sites  is  indicated  by  the  presence  of  Xevophytlum  in  about  half  of 
the  sample  stands  and  by  Amica  latifolia  being  as  abundant  as  Arnica  covdifolia;  the 
phase  thus  shows  an  affinity  with  the  AJjies  lasioaavpa  series. 

Soil. --Out  stands  were  on  a  variety  of  primarily  noncalcareous  parent  materials 
(appendix  D-1} .     Surface  soils  were  acidic,  gravelly  sandy  loams  to  silty  clay  loams. 
Little  rock  or  bare  soil  were  exposed.     Duff  depths  averaged  4.6  cm  in  the  SYAL  phase, 
6.1  cm  in  the  CARU  phase,  and  3.5  cm  in  the  VAGL  phase. 

Productivity /Management . --Timber  productivity  is  moderate  in  western  Montana, 
and  low  to  moderate  eastward  (appendix  E) .     The  highest  productivities  were  in  the 
CARU  phase.     The  prevalence  of  Calamagrostis  rubescens  in  all  phases  should  be 
considered  in  site  preparation  plans.     However,  competition  for  moisture  should  be 
less  severe  than  in  the  PSME/CARU  and  PSME/SYAL  h.t.s.     Light  to  moderate  use  by  deer 
and  often  by  elk  was  evident  in  most  sample  stands. 

Other  studies .  --i:\'^o  sample  stands  from  R.  and  J.  Daubenmire's  (1968)  Pseudotsuga/ 
Calamagrostis  h.t.  contained  Linnaea  borealis  and  appear  similar  to  our  PSME/LIBO  h.t. 
Ogilvie's  (1962)  Pseudotsuga/Arctostaphylos  h.t.  contained  Linnaea  and  is  also  similar. 

Pseudotsuga  menziesii/ Symphoricarpos  albus  h.t. 
(PSME/SYAL;  Douglas-f ir/snowberry) 

Distribution. — PSME/SYAL  is  one  of  the  more  common  habitat  ti'pes  and  is  found 
throughout  Montana  on  moderately  warm  slopes  and  benches.     Occasionally  it  occurs  on 
northerly  aspects  near  the  lower  distribution  of  Pseudotsuga  in  the  foothills  of  drier 
mountain  ranges. 

Vegetation. -Ser^l  stands  at  lower  elevations  are  frequently  dominated  by  Pinus 
ponderosa.     At  higher  elevations  Pseudotsuga  dominates  most  stages  of  succession. 
Occasionally  Pinus  contorta  is  a  minor  serai  species.     The  dominant  undergrowth  species 
is  usually  Symphoricarpus  albus;  variations  in  undergrowth  composition  are  described 
for  three  phases. 

Agropyron  spicatum  (AGSP)  phase. --This  phase  occupies  sites  on  the  droughty 
extreme  of  the  habitat  type;  stands  are  somewhat  open  and  often  appear  similar  to 
those  of  the  three  Pseudotsuga/hmKihgT^ss  h.t.s,  reflecting  a  transitional  environ- 
ment.    The  phase  is  generally  restricted  to  west-central  Montana,  where  it  occurs  on 
warm,  dry  southerly  exposures.    Agropyron  spicatum^  Festuca  idahoensis ,  and/or 
Balsamorhiza  sagittata  are  well  represented  in  undisturbed  old-growth  stands.  Pinus 
ponderosa  is  a  major  serai  dominant,  and  Pinus  contorta  and  Larix  occidentalis  are 
absent . 
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Calamagvostis  ruhescens  (CARU)  phase. --Over  half  of  the  sample  stands  in  this 
habitat  type  had  Calamagvostis  riAbesoens  and  Cavex  geyevi  as  major  components  of 
the  undergrowth  (fig.   18).     In  northwestern  and  west-central  Montana  elevations  were 
mostly  between  2,700  and  5,500  feet.     Eastward,  elevations  of  sample  stands  were  higher 
(5,300  to  7,000  feet).     Pinus  ponderosa  is  a  serai  dominant  in  northwestern  and  west- 
central  Montana.     Pinus  oontorta  is  a  minor  serai  component,  increasing  in  abundance 
to  the  east.    Larix  ocoidentalis  is  generally  absent.     In  many  stands  Pseudotsuga 
dominates  most  stages  of  succession. 

No  consistent  environmental  differences  were  found  to  distinguish  this  phase  from 
the  SYAL  phase.     However,  the  abundance  of  rhizomatous  graminoids  seems  important  to 
recognize . 

Symphorioarpos  albus  (SYAL)  phase . --Bunchgrasses ,  Calamagvostis  vubescens,  and 
Cai'ex  geyevi  are  poorly  represented  in  old-growth  stands.     Elevations  of  sample  stands 
ranged  from  3,600  to  6,400  feet  west  of  the  Continental  Divide  and  from  4,800  to  7,200 
feet  eastward.    Pinus  pondevosa  is  a  major  serai  component  on  sites  within  its  range, 
while  Pinus  contovta  and  Larix  ocoidentalis  are  essentially  absent.     In  many  stands 
Pseudotsuga  dominates  most  stages  of  succession. 


Figuve  18. — Pseudotsuga  menziesii/Symphoricarpos  albus  h.t.     TCalamagrost is  phase) 
on  a  bvoad  vidge  (6,000  feet  elev.)  in  the  Big  Belt  Mountains  east  of  Townsend  in 
oentval  Montana.     Seval  Pinus  contorta  dominates  the  ovevstovy  along  with  some 
Pseudotsuga;  Symphoricarpos  and.  Calamagrostis-(fc?77tnate  the  undevgvowth. 
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Soil. --The  PSME/SYAL  h.t.  was  sampled  on  a  variety  of  calcareous  and  noncalcareous 
parent  materials  (appendix  D-1).     Surface  soils  were  gravelly  (33  percent)  sandy  loams 
to  silts  with  acidic  reactions  (slightly  basic  on  some  of  the  calcareous  parent 
materials).     Little  surface  rock  was  evident  in  the  CARU  and  SYAL  phases,  although  an 
average  of  7  percent  was  noted  in  the  AGSF  phase.     Only  small  amounts  of  bare  soil 
were  exposed;  duff  depth  averages  2.6  cm  in  the  AGSP  phase,  3.6  cm  in  the  CARU  phase, 
and  4.1  cm  in  the  SYAL  phase. 

Produotivity /Management . --Timber  productivity  of  this  type  ranges  from  low  to 
high  in  western  Montana  and  from  low  to  moderate  eastward  (appendix  E) .     Basal  area 
stocking  is  good  in  the  CARU  and  SYAL  phases,  but  the  AGSP  phase  may  have  stockability 
limitations  and  also  has  the  lowest  site  index  values.     Regeneration  may  be  difficult  in 
the  droughty  AGSP  phase.     The  prevalence  of  rhizomatous  graminoids  in  the  CARU  phase 
should  be  considered  in  site  preparation  plans. 

Moderate  use  by  deer  and  occasionally  by  elk  and  moose  was  evident  in  most  stands 
in  the  CARU  and  SYAL  phases. 

Other  studies. --Our  SYAL  phase  is  similar  to  most  of  R.  and  J.  Daubenmire's  (1968) 
Pseudotsuga/Symphorioarpos  h.t.;  two  of  their  stands  are  similar  to  our  CARU  phase. 
Ogilvie's  (1962)  Pseudotsuga/Symphoricarpos  h.t.  and  the  part  of  his  Pseudotsuga/Calama- 
gvostis  h.t.  having  Symphoricarpos  "well  represented"  are  comparable  to  our  CARU  phase. 
Most  of  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  PSME/SYAL  h.t.  in  central  Idaho  is  also  comparable  to  our  CARU  phase. 


Pseudotsuga  menziesii/CaZamagrostis  rubesoens  h.t. 
(PSME/CARU;  Douglas-f ir/pinegrass) 

Distribution. --PSME/CARU  is  the  most  ubiquitous  habitat  type  in  the  Pseudotsuga 
series  in  Montana.     It  occurs  on  moderately  dry  mountainsides  and  upper  slopes.  At 
the  lower  elevations  it  often  occupies  northerly  aspects  or  benches,  shifting  to 
southerly  positions  at  high  elevations.     It  often  represents  the  highest  extension  of 
the  Pseudotsuga  series. 

Vegetation . --Serai  tree  species  include  Pinus  ponderosa,  Pinus  contorta,  Larix 
oocidentaHs i  and  occasionally  Pinus  albiaaulis .     As  shown  in  figure  19,  tree  composi- 
tion varies  considerably  by  phase;  Pseudotsuga,  however,  succeeds  quite  well  and 
dominates  most  stands.     Old-growth  stands  often  have  a  park-like  appearance. 

Undergrowth  composition  also  varies  by  phase;  however,  some  features  are  char- 
acteristic of  the  habitat  type  in  general.     As  R.  and  J.  Daubenmire  (1968)  have  noted, 
the  undergrowth  is  a  brilliant  green  grassy  layer  with  uniformity  enhanced  by  the  lack 
of  inflorescences.     Carex  geyeri  is  often  well  represented  and  may  even  dominate 
Calamagrostis.     Arctostaphylos  uva-ursi  is  occasionally  well  represented.     The  most 
abundant  forb  in  the  97  sample  stands  was  Avnioa  cordifolia',  other  characteristic  forbs 
include  Antennaria  raoemosa.  Aster  aonspiauus,  and  Fragaria  virginiana.  Spiraea 
betulifotia  is  occasionally  well  represented,  but  such  stands  were  similar  in  other 
respects  to  stands  having  little  or  no  Spiraea.     Therefore,  we  gave  Spiraea  less 
weight  as  an  indicator  than  Calamagrostis  rubesoens ,  unlike  R.  and  J.  Daubenmire 
(1968)  and  Robert  Steele  and  others  (1975  preliminary  draft  of  forest  habitat  types  of 
central  Idaho,  USDA  Forest  Service,  Intermountain  Station). 

Figure  19  shows  some  of  the  major  vegetational  differences  among  the  four  phases 
of  this  habitat  type.     The  elevation  distributions  of  these  phases  are  shown  in  table  2. 


47 


Pinus 
•ponderosa 
series 


Pinus  albicaulis 


Pinus  contorta  &  Larix  occidentalis 


Pseudotsuga  menziesii 


Pinus  ponderosa 


Abies 
asiocarpa^ 
series 


Calamagrostis  rubescens 

Arctostaphylos  uva-ursi 

Agropyron  spicatum,  etc. 
(well  represented) 


Figure  19. — Generalized  distvihution  of  key  indicator  species  within  phases  of  the 

Pseudotsuga/Calamagrostis  habitat  type. 


Table  2  .--Ele-oationdt  range  (in  feet)  of  Pseudotsuga/Calamagrostis  h.t. 

sample  stands  hy  phase  in  geographic  subdivisions  of  Montana 
(as  shown  in  fig.  1) 


:  Geogra 

phic  subdivision 

of  Montana 

Phase  of  the 

West -central 

Southwestern  and 

habitat  type 

:     Northwestern  : 

and  central 

south-central 

AGSP 

2,700  to  3,500 

4,400  to  5,300 

none 

PIPO 

3,500  to  4,800 

4,800  to  6,000 

none 

ARUV 

3,000  to  4,000 

4,000  to  5,400 

none 

CARU 

4,700  to  5,300 

5,300  to  7,000 

6,500  to  7,800 

Agropyron  spicatum  (AGSP)  phase. --This  phase  is  most  common  in  west-central 
Montana  where  it  occupies  the  droughty  extremes  of  the  PSME/CARU  h.t.  Bunchgrasses 
Agropyron  spicatum,  Festuca  idahoensis ,  or  F.  scabrella,  are  well  represented  and  not 
obviously  serai  in  mature  stands.    Also  in  contrast  to  other  phases,  Balsamorhiza 
sagittata  is  usually  well  represented  on  these  sites.    Pinus  ponderosa  is  the  major 
serai  component  of  the  overstory,  and  Pinus  contorta  and  Larix  occidentalis  are  absent 
on  these  dry  sites.    Pseudotsuga  increases  its  coverage  slowly  beneath  pine-dominated 
stands.     This  phase  represents  a  transitional  environment  between  the  PSME/CARU  and 
the  various  PIPO/  or  P^'Affi'/bunchgrass  h.t.s. 
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Figvre  20.— Vimxs  ponderosa  phase  TPSME/CARU  h.t.)  on  a  steep  south-facing  slope 
(4,550  feet  elev.)  southwest  of  Eureka  in  northwestern  Montana.     Pinus  ponderosa 
is  the  long-lived  serai  dominant. 

In  contrast  to  other  phases  in  the  PSME/CARU  h.t.,  Calamagrostis  ruhesoens 
decreases  following  overstory  removal.     Sites  apparently  become  too  dry  and  warm  for 
Calamagrostis  and  it  will  become  well  represented  again  only  as  the  overstory  closes, 
creating  a  cooler  microclimate. 

Finus  ponderosa  (FIFO)  phase. --This  warm  phase  is  found  mostly  between  4,500  and 
6,000  feet  elevation  on  south-facing  slopes  (fig.  20).     It  is  common  in  west-central  and 
northwestern  Montana,  and  occurs  locally  in  central  Montana.     It  is  similar  to  the 
AGSF  phase  in  that  it  does  not  support  Finus  oontorta  or  Larix  oocidentalis  (fig.  19), 
but  is  less  droughty.    Finus  ponderosa  is  common  (>_  10  trees/acre)  and  typically 
codominant  with  Fseudotsuga  under  serai  conditions. 

Indicators  for  the  Agropyron  spicatum  phase  are  poorly  represented  in  mature 
stands.    Calamagrostis  ruhesoens  may  or  may  not  maintain  high  coverage  after  logging  or 
fire.     In  contrast  to  the  usual  situation  for  the  habitat  type,  Calamagrostis  ruhesoens 
flowers  profusely  in  some  of  the  relatively  open  but  undisturbed  stands.     This  phase 
is  bordered  upslope  by  the  cooler  CARU  phase. 

Arotostaphylos  uva-ursi  (ARUV)  phase. --This  phase  occurs  on  warm,  well-drained 
benches  and  gentle  slopes.     Topographically  and  climatically  these  sites  are  similar 
to  but  slightly  drier  than  those  of  the  FSME/VACA  h.t.     This  minor  phase  is  common  in 
west -central  Montana  and  is  found  occasionally  in  northwestern  Montana,  as  well  as  on 
the  Helena  National  Forest  in  the  central  part  of  the  State. 

These  stands  are  typically  dominated  by  serai  Finus  ponderosa;  however,  small 
amounts  of  F.  oontorta  or  Larix  oooidentalis  are  also  present,  reflecting  more  moisture 
than  the  other  warm  phases  {AGSF  and  FIFO)  of  the  habitat  type. 
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Arctostaphylos  uva-ursi^  Calamagrostis  rubesoenSj  and  Carex  geyeri  form  the 
dominant  undergrowth.     In  a  few  serai  stands  Calamagrostis  is  not  well  represented, 
but  nevertheless  is  common. 

This  phase  should  not  be  confused  with  the  PSME/ARUV  h.t.,  which  is  found  on 
distinctly  drier  sites  in  central  Montana. 

Calamagrostis  ruhescens  (CAEU)  phase. --This  phase  makes  up  the  bulk  of  the  PSME/ 
CARU  h.t.   (62  out  of  the  97  sample  stands)   (fig.  21).     Calamagrostis  ruhescens  is  well 
represented,  and  bunchgrasses  are  poorly  represented  in  mature  stands,  although  they 
may  increase  with  disturbance.     As  shown  in  table  2,  elevations  are  higher  than  for 
the  other  phases,  and  the  sites  are  too  cold  for  any  appreciable  representation  of 
Pinus  ponderosa.     Drought  is  evidently  less  severe  than  in  the  AGSP  and  PIPO  phases, 
allowing  Pinus  oontorta  to  become  a  serai  component  of  many  stands.     Larix  ocoidentalis 
is  found  in  some  sti^nds  in  northwestern  Montana.     East  of  the  Continental  Divide, 
Pinus  alhicaulis  may  be  well  represented  at  the  upper  limits  of  this  phase. 

Soil. — Our  stands  were  on  a  variety  of  primarily  noncalcareous  parent  materials 
(appendix  D-1) .     Surface  soils  were  acidic,  ranging  in  texture  from  gravelly  sandy 
loams  to  gravelly  silts.     Surface  rock  exposure  averaged  5  to  6  percent  in  the  AGSP  and 
ARUV  phases  and  2  to  3  percent  in  the  CARU  and  PIPO  phases.     Bare  soil  exposure  was 
minimal  and  duff  depth  averaged  about  4  cm  in  all  phases. 


Figure  21. — Calamagrostis  phase  TPSME/CARU  h.t.)  on  a  steep  southwest  exposure  (6,900 
feet  elev. )  southwest  of  Missoula.     This  site  is  above  the  aold  limits  of  Pinus 
ponderosa 
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Productivity/Management . --Timber  productivity  is  low  to  moderate  in  the  PSME/CARU 
h.t.   (appendix  E) .     The  ARUV  -phase  averaged  highest  in  productivity;  the  CARU  phase 
was  lowest.     Clearcutting  and  shelterwood  systems  will  favor  serai  species,  while 
partial  cutting  will  lead  to  eventual  dominance  by  Pseudotsuga  in  most  cases. 
Extensive  scarification  may  be  needed  to  reduce  grass  competition  for  successful 
regeneration . 

Although  forage  production  is  low,  cattle  and  horse  use  is  evident  on  many  gentle 
slopes.    Moderate  winter  use  by  deer  and  elk  is  apparent  in  the  AGSP  and  ARUV  phases. 
The  PIPO  and  CARU  phases  show  light  to  moderate  use,  evidently  in  spring  and  fall. 

Other  studies . --Similar  habitat  types  have  been  described  from  Wyoming  (Cooper 
1975)  and  central  Idaho  (Robert  Steele  and  others,  1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  to  Alberta  (Ogilvie  1962),  British  Columbia  (Brayshaw 
1965;  McLean  1970),  northern  Idaho,  Washington  (R.  and  J.  Daubenmire  1968),  and 
eastern  Oregon  (Hall  1973). 

Pseudotsuga  menziesii/Cavex  geyevi  h.t. 
(PSME/CAGE;  Douglas-fir/elk  sedge) 

Distribution. --The  PSME/CAGE  h.t.  is  similar  to  but  apparently  somewhat  drier 
than  the  PSME/CARU  h.t.     East  of  the  Continental  Divide  PSME/CAGE  is  locally  abundant, 
but  is  much  less  common  than  PSME/CARU .     Limited  areas  of  it  are  found  in  west-central 
Montana.     Stands  are  generally  between  6,100  and  7,600  feet  in  elevation  on  mid-  and 
upper  slopes  having  southern  exposure.     PSME/CAGE  may  be  an  ecological  replacement  for 
PSME/CARU  beyond  the  limits  of  Calamagrostis  rubescens ,  especially  in  south-central 
Montana.     Elsewhere  PSME/CAGE  often  occurs  on  south  exposures,  adjacent  to  north-facing 
PSME/CARU  sites. 

Vegetation . --Pseudotsuga  is  normally  the  only  coniferous  tree  in  serai  stands. 
Many  sites  are  above  the  elevational  limits  of  Pinus  ponderosa  and  are  too  dry  for 
Pinus  oontorta.     Pinus  flexilis  was  present  in  one  stand  with  limestone  parent  material, 
and  Pinus  atbicaulis  was  codominant  with  Pseudotsuga  in  another  high-altitude  stand 
approaching  subalpine  conditions. 

Carex  geyeri  is  usually  abundant  and  Arnica  oordifolia  well  represented.  Small 
quantities  of  Juniperus  communis  and  Spiraea  betutifolia  often  occur,  along  with  many 
species  of  forbs  including  Osmorhiza  chilensis ,  Thalictrum  occidentale ,  and  Smilacina 
racemosa .    Calamagrostis  rubescens  is  poorly  represented  on  these  dry  sites. 

Soil. --Our  stands  were  on  calcareous  and  noncalcareous  parent  materials  of  sedi- 
mentary and  metamorphic  origin  (appendix  D-1).     Surface  soils  were  acidic  to  slightly 
basic,  gravelly  (42  percent)  sandy  loams  to  silts.     Little  surface  rock  or  bare  soil 
were  exposed;  duff  depth  averaged  4.7  cm. 

Productivity /Management . --^'lanagement  implications  are  similar  to  those  for  the 
PSME/CARU  h.t.,  CARU  phase,  although  timber  productivity  is  somewhat  less  (appendix 
E-4) .     Regeneration  may  also  be  more  difficult  on  these  drier  sites  and  overstory 
species  manipulations  are  essentially  restricted  to  Pseudotsuga.     Evidence  from  sample 
plots  suggests  that  this  habitat  type  receives  moderate  use  by  mule  deer. 

Other  studies. — A  PSME/CAGE  h.t.  was  not  recognized  by  R.  and  J.  Daubenmire 
(1968),  Carex  geyeri  being  considered  an  ecological  equivalent  of  Calamagrostis. 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  report  extensive  occurrence  of  the  PSME/CAGE  h.t.  in  central  Idaho. 
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Pseudotsuga  menziesii /Spiraea  betulifolia  h.t. 
{PSME/SPBE',  Douglas-fir/white  spiraea) 

Distribution. --This  minor  habitat  type  is  found  on  relatively  warm,  dry  slopes 
at  lower  elevations--generally  3,500  to  4,200  feet  in  west-central  Montana  and  5,300 
to  5,800  feet  east  of  the  Continental  Divide.     Aspect  is  mostly  south  and  west,  but 
may  be  north  at  lowest  elevations  or  on  limestone  substrates. 

Vegetation. — Pinus  ponderosa  is  usually  a  major  serai  dominant,  except  in  areas 
such  as  north  of  Rogers  Pass  (southwest  of  Great  Falls)  where  severe  winter  winds  and 
widely  fluctuating  temperatures  cause  "red  belt"  mortality.     Undergrowth  associates  of 
Spiraea  include  Amioa  oordifotiai  Aster  oonspiouuSj,  Fragaria  virginiana,  AHiwn  oemuwn^ 
and  Berheris  repens.     Sites  are  apparently  too  dry  for  appreciable  amounts  of  Calama- 
grostis  rubescenSj,  Carex  geyeri,  or  Symphoricarpos  albus  to  develop. 

Soil.--0[iT  stands  were  on  calcareous  and  noncalcareous  sedimentary  and  metamorphic 
parent  materials  (appendix  D-1).     Surface  soils  were  acidic  to  slightly  basic  gravelly 
(40  percent)  sandy  loams  to  silts.     A  moderate  amount  of  surface  rock  (5  percent)  was 
evident,  but  little  bare  soil  was  exposed.     Duff  depth  averaged  2.5  cm. 

Productivity /Management. — Timber  productivity  of  the  PSME/SPBE  h.t.  is  moderate 
in  western  Montana  but  low  eastward  (appendix  E.)    Most  sample  stands  had  evidence 
of  moderate  use  by  mule  deer. 

Other  studies . --"RoheTt  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  defined  a  broader  PSME/SPBE  h.t.  for  central  Idaho 
which  may  contain  considerable  amounts  of  Calamagrostis .     R.  and  J.  Daubenmire  (1968) 
treated  Spiraea  betulifolia  as  an  ecological  equivalent  of  Symphoricarpos  albus. 

Pseudotsuga  menziesii/Arotostaphytos  uva-ursi  h.t. 
{PSME/ARUV;  Douglas-fir /kinnikinnick) 

Distribution.  — PS14E/ARUV  is  one  of  the  warmest  and  driest  habitat  types  in  the 
Pseudotsuga  climax  series.     It  is  found  mostly  in  central  Montana  between  elevations 
of  4,600  and  5,600  feet  on  the  Helena  National  Forest,  and  between  4,700  and  6,500  feet 
on  the  east  Lewis  and  Clark  National  Forest.    Aspect  is  generally  south,  and  stands 
often  occur  on  calcareous  substrates. 

Vegetation. — Pinus  ponderosa  is  a  major  serai  associate  of  Pseudotsuga.  Scattered 
individuals  of  Pinus  flexilis  may  occur  on  sites  having  limestone  parent  material. 
Sites  are  apparently  too  dry  for  Pinus  aontorta. 

Arctostaphylos  uva-ursi  and  Juniperus  communis  are  dominants  in  the  undergrowth. 
Spiraea  betulifolia  is  often  well  represented,  and  dry-site  species  including  Agropyron 
spicatunij  Festuca  idahoensiSj  F.  soabrella,  Apocynum  androsaemifolium,  Balsamorhiza 
sagittata^  and  Lithospermum  ruderale  are  common. 

Soil. — Our  stands  were  on  calcareous  and  noncalcareous  sedimentary  and  metamorphic 
parent  materials  (appendix  D-1).     Surface  soils  were  acidic  to  slightly  basic  gravelly 
(36  percent)  loams  to  silt  loams.     Little  rock  and  moderate  (5  percent)  bare  soil  were 
exposed;  average  duff  depth  was  6.0  cm. 

Productivity /Management . --TimheT  productivity  is  low  (appendix  E) .  High 
soil -surface  temperatures  coupled  with  low  soil  moisture  may  hamper  regeneration  of 
logged  stands.     Stands  might  be  managed  for  Pinus  ponderosa  using  partial  cuttings. 
Pseudotsuga  appears  to  be  a  poor  choice  for  timber  production  on  these  sites  based 
on  site  index  comparison  (appendix  E-1). 
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Sites  are  relatively  warm  and  free  of  snow  through  much  of  the  winter,  and 
several  important  big-game  forage  species  are  found  in  this  habitat  type  (appendix 
C-1) .     Sample  stands  showed  evidence  of  moderate  to  heavy  use  by  mule  deer. 

Othev  studies . --This  habitat  type  has  not  been  described  elsewhere. 

Pseudotsuga  menzi-esi-i/JunipeTus  communis  h.t. 
(PSME/JUCO;  Douglas-fir/common  juniper) 

Distribution. — The  PSME/JUCO  h.t.  is  locally  abundant  in  central  and  southwestern 
Montana,  mostly  at  6,400  to  7,100  feet  on  the  Deerlodge,  5,300  to  6,800  feet  on  the  Lewis 
and  Clark  (fig.  22),  and  7,500  to  7,800  feet  on  the  Beaverhead  National  Forest.     It  is 
found  on  gentle,  north-facing  slopes  on  decomposed  granite  substrates  on  the  Deerlodge 
National  Forest.     On  the  Lewis  and  Clark  National  Forest,  moderately  steep  south  exposures 
with  limestone  substrates  are  typical  sites.     The  general  environment  is  cool  and  dry  or 
excessively  well -drained . 

Vegetation. --PSME/ JVC 0  is  apparently  one  of  the  driest  habitat  types  in  the 
Pseudotsuga  series  that  still  supports  Pinus  contovta.     On  granitic  substrates  Pinus 
contovta  is  a  persistent  serai  species  and  succession  to  Pseudotsuga  is  very  slow.  In 
contrast,  on  calcareous  parent  materials  Pinus  oontorta  and  Pinus  flexilis  are  only 
minor  serai  components,  with  Pseudotsuga  dominating  even  in  young  stands. 


Figure  22. — Pseudotsuga  menziesii/Juniperus  communis  h.t.  on  a  gentle  southuest  expo- 
sure (6^800  feet  elev.  )  in  the  Little  Belt  Mountains  northeast  of  ^Ihite  Sulphur 
Springs  in  central  Montana.     The  overstory  is  pure,  old-growth  Pseudotsuga,  and 
undergrowth  is  dominated  by  Juniperus  and  Arnica  cordifolia. 
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Juniperus  aommunis  (occasionally  accompanied  by  J.  hovizontalis)  is  the  dominant 
undergrowth  species.    Arotostaphylos  uva-ursi  is  often  present,  but  is  usually  poorly 
represented.     This  may  indicate  some  relationship  to  the  PSME/ARUV  h.t.  However, 
PSME/JUCO  occupies  a  cooler  environment  which  supports  Pinus  oontorta,  while  PSME/ARUV 
is  characterized  by  warmer,  Pinus  ponderosa- supporting  sites.     Small  quantities  of 
Spiraea  hetulifolia  are  often  present  along  with  the  forbs  Armica  cordifolia.  Aster 
oonspiouus 3  Astragalus  miser ^  and  Fragaria  virginiana.     Grasses  are  relatively  incon- 
spicuous except  in  young  serai  stands. 

Soi'l.--^\ir  stands  were  on  a  variety  of  sedimentary  and  igneous  parent  materials 
(appendix  D-1).     Surface  soils  were  acidic  to  slighltly  basic,  gravelly  (27  percent), 
sandy  loams  to  silts.     Little  surface  rock  or  bare  soil  were  exposed;  duff  depth  aver- 
aged 4.2  cm. 

Productivity /Manag ement . --Timber  productivity  is  low  to  moderate  (appendix  E) . 
Overstories  are  strongly  even-aged;  however,  sites  appear  droughty  and  regeneration 
might  be  difficult  to  obtain  following  clearcutting.     Pinus  oontorta  should  be  the 
major  species  for  timber  management  on  granitic  substrates,  while  Pseudotsuga  should  be 
the  primary  species  on  calcareous  substrates.     PSME/JUCO  sample  stands  had  been  used 
heavily  by  mule  deer  and  occasionally  by  elk.     Juniperus  communis  and  J.  horizontalis 
may  be  important  browse  species. 

Other  studies. — A  PSME/JUCO  h.t.  has  also  been  recognized  in  central  Idaho  by 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station) . 

Pseudotsuga  menziesii/ Arnica  cordifolia  h.t. 
{PSME/ARCO;  Douglas-fir/heart leaf  arnica) 

Distribution. — PSME/ARCO  is  a  cool,  dry  habitat  type  occurring  on  relatively  gentle 
slopes  on  all  aspects  from  5,900  to  7,000  feet  elevation  in  central  Montana  and  from 
6,700  to  8,000  feet  in  southwestern  Montana  (fig.  23).     Stands  generally  appear 
similar  to  PSME/CARU  h.t.,  CARU  phase,  but  they  are  too  dry  to  support  Calamagrostis 
and  Carex  geyeri.     Thus,  only  a  dry  forb  undergrowth  remains. 

Pseudotsuga  is  generally  the  only  tree  in  PSME/ARCO  stands.     Undergrowth  is 
variously  dominated  by  Arnica  cordifolia^  Antennaria  racemosa^  and  Astragalus  miser. 
In  many  old-growth  or  dense  younger  stands  undergrowth  is  very  sparse,  and  the  above 
species  may  be  poorly  represented  yet  still  dominant.    Juniperus  communis  and  Fragaria 
spp.  are  also  components  of  the  undergrowth.     Occasionally  Juniperus  forms  large, 
scattered  patches,  but  it  is  clearly  subordinant  to  forbs  in  total  coverage.  Bunch- 
grasses  Agropyron  spicatum^  Festuoa  idahoensisy  and  F.  saahrellay  as  well  as  Poa  nervosa 
are  often  weakly  represented  in  old-growth  stands  and  may  become  abundant  following 
overstory  removal . 

Soil. --Our  stands  were  on  a  variety  of  primarily  noncalcareous  parent  materials 
(appendix  D-1).     Surface  soils  were  gravelly  (30  percent)  sandy  loams  to  silts  with 
reactions  ranging  from  acidic  to  slightly  basic  (on  limestone) .     A  moderate  amount  of 
surface  rock  (4  percent)  was  exposed  with  no  bare  soil  evident;  duff  depth  averaged 
4.3  cm . 

Productivity /Management. — Timber  productivity  is  low  (appendix  E) .    The  PSME/ARCO 
h.t.  frequently  occurs  adjacent  to  montane  grasslands,  suggesting  that  severe  cutting 
or  burning  might  result  in  converting  the  stand  to  prairie  for  a  long  period.  Group 
selection  cutting  would  probably  duplicate  the  natural  regeneration  patterns  observed 
in  sample  stands. 
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Figure  23. — Pseudotsuga  menziesii/Arnica  cordifolia  h.t.  on  a  gentle  northwest  exposure 
(7,050  feet  elev.)  in  a  dry  mountain  range  north  of  Waitehall  in  southwestern  Montana. 
The  overstory  is  purely  old-growth  Pseudotsuga  and  undergrowth  is  principally 
Arnica  cordifolia. 

Young  serai  stands  should  provide  considerable  forage  for  cattle  and  big  game. 
Mature  stands  have  a  poor  representation  of  forage  species  but  are  often  used  for  bedding 
and  cover  by  both  mule  deer  and  domestic  stock. 

Other  studies. — The  PSME/ARCO  h.t.  has  also  been  described  by  Robert  Steele  and 
others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  in 
central  Idaho . 

Pseudotsuga  menziesii/Symphorioarpos  oreophilus  h.t. 
(PSME/SYOR;  Douglas-fir/mountain  snowberry) 

Distribution. — Minor  amounts  of  PSME/SYOR  were  found  at  two  locations  in  south- 
western Montana.     These  represent  eastward  extensions  of  the  PSME/SYOR  h.t.,  SYOR  phase 
that  is  fairly  common  in  east-central  Idaho,  according  to  Robert  Steele  and  others 
(1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station). 

One  stand  was  sampled  west  of  Wisdom  in  the  Bighole  River  drainage;  the  other  was 
observed  at  Cliff  Lake  on  the  Madison  River.     Both  sites  are  on  steep  south-facing  slopes 
near  6,500  feet.     In  each  case  PMSE/CARU  h.t.,  CARU  phase  occupies  adjacent,  less  arid 
sites . 

Vegetation. --In  both  stands  the  overstory  is  nearly  pure  Pseudotsuga ,  and  the  trees 
are  heavily  limbed  and  rather  short.     Undergrowth  is  dominated  by  Symphoricarpos' 
oreophilus  along  with  lesser  amounts  of  Agropyron  spioatum  and  Artemisia  tridentata  ssp. 
vaseyana;  other  species  have  only  minor  coverages. 

Soil. — Soils  observed  were  shallow,  coarse-textured,  rocky,  and  excessively  well 
drained.     Parent  material  was  not  calcareous. 
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Productivity /Management. — Timber  productivity  and  management  implications  are 
probably  similar  to  those  expressed  for  PSME/AGSP  h.t.  as  it  occurs  in  southwestern 
Montana  where  Pinus  ponderosa  is  absent. 

Other  studies. — Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  have  provided  a  more  detailed  description  of  this  habitat 
type  in  central  Idaho.     Reed  (1969,  1976)  also  described  a  Pseudotsuga/Symphorioarpos 
oreophitus  h.t.  in  Wyoming  which  represents  a  much  broader  concept. 

Picea  Series 

Distribution. — The  Picea  series  is  found  on  moderately  moist  and  cool  sites  between 
the  Pseudotsuga  series  (drier  and  warmer  sites)  and  the  Abies  lasiocarpa  series  (more 
moist  and  cooler  sites)   (fig.  4).     It  covers  a  significant  percentage  of  the  landscape 
in  the  Flathead  Valley  and  in  central  and  south-central  Montana.     By  contrast,  elsewhere 
in  the  State  it  is  limited  to  where  Picea  extends  down  cool  ravines  slightly  below  the 
lower  limits  of  Abies  lasiocarpa. 

In  northv\/estern  Montana,  as  in  northern  Idaho  (R.  and  J.  Daubenmire  1968),  Picea 
is  often  a  major  component  of  stands  in  the  Abies  grandis,  Thuja^  and  Tsuga  series 
(appendix  B) .     Going  eastward  beyond  the  range  of  these  maritime  conifers,  Picea  may 
replace  them. 

The  occurrence  of  Picea  below  the  limits  of  Abies  lasiocarpa  may  also  be  related 
to  hybridization  of  Picea  glauca  and  P.  engelmannii  (Daubenmire  1974;  Habeck  and  Weaver 
1969) .     Picea  glauca  is  a  tree  of  northern  Canada  and  Alaska  whose  genetic  influence 
extends  south  in  the  Rockies  through  Montana.     In  contrast,  Picea  engelmannii  is  a  sub- 
alpine  Rocky  Mountain  species  whose  genetic  influence  extends  northward  into  southern 
Canada.     Samples  of  ovuliferous  cone  scales  indicate  a  range  of  hybridization  in  Montana 
from  P.  glauca  X  P.  engelmannii  hybrids  to  pure  P.  engelmannii  (table  3) .     Our  limited 
sample  of  cone  material  did  not  indicate  a  strong  relationship  between  hybridization 
and  habitat  type  or  geographical  area.     Therefore,  we  did  not  attempt  to  distinguish 
species  of  Picea  in  Montana.     We  agree  with  the  findings  of  Daubenmire  (1974)  that 
P.  glauca  influence  is  generally  strongest  at  lower  elevations  and  that  of  P.  engel- 
mannii is  generally  predominant  at  high  elevations. 

Vegetation. — Climax  stands  are  dominated  by  Picea  but  composition  of  serai  stands 
is  variable  depending  upon  geographic  area  and  habitat  type.     In  well-drained  Picea 
habitat  types  in  northwestern  Montana,  Pseudotsuga,  Larix  occidentalism  and  Pinus 
contorta  are  major  serai  components.     East  of  the  Continental  Divide,  Pseudotsuga  and 
Pinus  contorta  are  major  serai  components  on  similar  sites. 

Undergrowth  composition  varies  widely  among  the  different  Picea  habitat  types.  It 
is  often  similar  to  that  in  comparable  Abies  lasiocarpa  or  Pseudotsuga  habitat  types. 

Soil. — Soils  are  quite  variable  in  the  Picea  series  (appendix  D-1).  PICEA/SEST 
and  PICEA/PHMA  h.t.s  occur  primarily  on  calcareous  substrates  while  PICEA/CLUN  and 
PICEA/VACA  h.t.s  were  found  only  on  noncalcareous  parent  materials.     Surface  rock  and 
bare  soil  exposure  are  minimal  throughout  the  series.     Duff  depths  are  considerable 
(average  greater  than  6  cm)  in  all  types  except  the  PICEA/VACA  h.t.  and  the  VACA  phase 
of  PICEA/CLUN  h.t.     Gravel  content  of  surface  soils  is  generally  lower  and  texture  finer 
than  in  the  Pseudotsuga  series. 

Productivity /Management. — The  Picea  series  contains  some  of  the  better  timber- 
producing  lands  in  Montana.     Productivity  is  moderate  to  high  (appendix  E-4)  and  the 
sites  support  several  coniferous  species.     Sites  are  at  moderate  elevations,  on  gentle 
topography,  and  are  usually  accessible.     Disadvantages  to  timber  utilization  may  be 
that  Picea  series  stands  are  often  adjacent  to  visual  corridors,  and  they  provide 
streamside  stability  for  many  watersheds.     They  are  often  important  habitat  for  deer, 
elk,  and  moose. 
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Table  1> .- -Distribution  of  Picea  phenotypes  hy  habitat  type  and  National  Forest.  Numbers 
of  sample  stands  dominated  by  each  phenotype  are  shown  below.     The  hybrid 
categories  are  based  on  percentage  free  cone-scale  length  as  interpreted  from 
Baubenmire  1974 


Category          :  P. 

glauca 

:        P.  glauca  X  : 
:    P.  engelmannii  : 
:           hybrid  : 

P.  engelmannii  : 
X  P.  glauca  : 
hybrid  : 

P.  engelmannii 

r  triCdlL     J.  J.           CL/Jlc  oCcli.t;» 

^  J.  D 

i  D  -  ^  o 

Z  o  -  ou 

PICEA/EQAR 

-- 

3 

3 

1 

PICEA/CLUN 

-- 

6 

4 

4 

PICEA/PHMA 

— 

1 

1 

PICEA/GATR 

2 

2 

2 

PICEA/VACA 

1 

1 

1 

PICEA/SEST 

-- 

1 

7 

— 

PICEA/LIBO 

-- 

2 

5 

1 

PICEA/SMST 



— 

2 

3 

Total 

~1 

25 

13 

ABLA/OPHO 

-- 

— 

1 

1 

ABLA/CLUN 



1 

8 

7 

ABLA/GATR 

-- 

3 

10 

8 

ABLA/VACA 

-- 

2 

1 

— 

ABLA/CACA 

-- 

1 

3 

ABLA/LIBO 



1 

6 

2 

ABLA/MEFE 

4 

13 

ABLA/XETE 

-- 

— 

1 

3 

ABLA/VAGL 

2 

3 

ABLA/VASC 

-- 

4 

3 

ABLA/CARU 

-- 

-- 

2 

ABLA/CLPS 

-- 

2 

4 

2 

ABLA/ARCO 

-- 

-- 

4 

1 

ABLA/RIMO 

-- 

-- 

3 

1 

ABLA-PIAL/VASC 

-- 

— 

5 

4 

ABLA/LUHI 

— 

1 

7 

PIAL-ABLA 

— 

3 

— 

Total 

0 

9 

58 

60 

National  Forest: 

Kootenai 

2 

1 

14 

Flathead 

1 

6 

10 

6 

T  nl  n 

X 

10 

Bitterroot 

3 

5 

Deerlodge 

1 

9 

Beaverhead 

2 

2 

Helena 

1 

7 

Lewis  §  Clark  (east) 

6 

20 

7 

Lewis  §  Clark  (west) 

1 

6 

10 

Gallatin 

3 

24 

6 

Custer 

3 

9 

3 

Yellowstone  N.P. 

1 

4 

1 

Glacier  N.P. 

1 

6 

7 

Total 

23 

90 

87 
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other  studies. — Ogilvie  (1962)  defined  several  Picea  habitat  types  for  the  Rocky 
Mountains  of  Alberta.     Thilenius  (1972)  mentioned  forests  of  Vi-oea  gtauca  in  the  Black 
Hills  and  presumably  these  are  Fiaea  climax.     Small  areas  of  Ficea  habitat  types 
were  described  by  Cooper  (1975)  and  Hoffman  and  Alexander  (1976)  in  Wyoming  and  by 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  in  east-central  Idaho. 

Fioea/Equisetim  ccrvense  h.t. 
(PICEA/EQAR ;  spruce/common  horsetail) 

Distribution. — PICEA/EQAR  is  a  localized  wet-soil  habitat  type  that  characteristi- 
cally develops  on  flat  sites  with  poor  drainage  such  as  broad  alluvial  valley  bottoms 
(fig.  24),     It  is  similar  topographically  and  edaphically  to  the  THPL/OPHO  h.t.  of 
northwestern  Montana  and  northern  Idaho.     Overall  the  habitat  type  is  rare,  but  it  is 
locally  common  in  a  few  areas  such  as  along  Sheep  Creek  north  of  White  Sulphur  Springs 
and  in  the  Flathead  Valley.     It  is  found  mostly  at  elevations  of  2,900  to  3,600  feet  in 
northwestern  Montana  and  5,300  to  6,800  feet  east  of  the  Continental  Divide.  Adjacent 
habitat  types  are  normally  other  members  of  the  Picea  or  Pseudotsuga  series  on  upland 
sites,  or  swamps,  marshes,  or  bogs  dominated  by  Salix,  CareXj  or  Typha  on  wetter  sites. 

Vegetation. — Piaea  is  usually  the  only  successful  coniferous  tree  species; 
however,  Pinus  oontorta    is  occasionally  well  represented  on  sites  having  alluvium 
substrates.     High  water  tables  restrict  other  conifers  to  drier  hummocks.  Populus 
triohooarpa  or  Betula  papyrifera  may  be  abundant  in  serai  stands. 

Undergrowth  normally  is  dominated  by  Equisetum  spp.  and  wet-site  forbs  and 
graminoids.    Equisetum  arvense  was  abundant  in  seven  out  of  nine  sample  stands,  while 
E.  scirpoides  dominated  another.     Other  frequent  species  include  Cornus  stolonifera^ 
Carex  spp.,  Galium  triflorurUj,  Geranium  riohardsonii ,  Senecio  triangularis,  Geum 
macrophyllwn,  and  Streptopus  amplexifolius .    Athyrium  filix-femina,  Rubus  pubesoens, 
Cornus  oanadensiSy  and  Viola  canadensis  were  often  found  in  stands  in  northwestern 
Montana. 

Lysichitum  americanum  is  abundant  in  some  stands  near  Flathead  Lake.     It  is  a 
coastal   (maritime)  indicator  that  becomes  scarce  and  then  absent  as  one  travels  east- 
ward into  the  Rockies.     PICEA/EQAR  stands  having  Lysichitum  are  indicative  of  milder 
climatic  conditions  than  those  characterizing  the  rest  of  the  habitat  type. 

Soil. — Soils  are  wet  throughout  the  year,  often  with  standing  water.     Some  sites 
have  a  thick  layer  of  organic  "muck."    Other  sites  have  a  substrate  composed  of  coarse- 
textured  alluvium.     Mineral  soil  samples  were  collected  in  only  three  stands  (appendix 
D-1) .     Surface  soil  reactions  were  acidic  to  slightly  basic,  depending  on  parent 
material.     Gravel  content  and  texture  were  variable.     Surface  rock  and  mineral  soil 
exposure  were  minimal;  duff  depth  averaged  7.3  cm. 

Productivity /Management . — Timber  productivity  is  moderate  (appendix  E-4) ,  but  coni- 
fers other  than  Picea  are  usually  of  minor  importance.     Overstory  manipulation  requires 
special  constraints  because  of  the  wet  soils  and  potential  windthrow  of  residual  trees. 
Road  construction  and  site  development  present  extreme  problems  related  to  high  water 
tables,  poor  drainage,  streamside  locations,  and  organic  soils. 

Use  by  big  game  and  domestic  stock  is  variable.  In  general  it  appears  they  avoid 
this  habitat  during  periods  of  peak  soil  saturation  but  may  make  some  use  as  soils  dry 
out  in  late  summer.     Some  stands  show  moderate  winter  use  by  deer,  elk,  and  moose. 

Other  studies . --Ogi.\yr\e  (1962)  described  two  similar  Picea  habitat  types  for  the 
Rocky  Mountains  in  Alberta.     His  Picea  glauca/ Equisetum  h.t.  appears  similar  to  our 
variation  occurring  on  alluvial  silts.     His  Picea  glauca/ Sphagnum-Ledum  groenlandicwn 
h.t.  occurring  on  acid  peat  accumulations  appears  much  like  our  stands  growing  on  deep 
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Figure  24. — Picea/Equisetum  arvense  h.t.  in  a  stream  bottom  (5^600  feet  elev.)  west  of 
Augusta  in  central  Montana.     Nearly  all  the  tree  growth  is  Picea,  a7id  Equisetum 
arvense  is  the  major  undergrowth  plant. 


organic  soils,  except  that  our  stands  have  few  shrubs.     Bell  (1965)  used  Lysiohitum  to 
name  a  wet-site  association  within  the  Tsuga  heterophylla  zone  in  southeastern  British 
Columbia . 

Pioea/ Clint onia  uni flora  h.t. 
(PICEA/CLUN;  spruce/queencup  beadlily) 

Distribution. — PICEA/CLUN  is  a  moist  habitat  type  found  on  benches  and  gentle 
north  slopes  in  northwestern  Montana.     It  is  quite  common  in  the  Flathead  Valley  and 
is  occasionally  found  to  the  west  in  the  Kootenai  National  Forest  (fig.  25).  Elevations 
of  sample  stands  ranged  from  3,000  to  4,100  feet. 

Vegetation. --Pseudotsuga  menziesiij  Pinus  aontorta^  or  Larix  ocoidentalis  often 
dominate  serai  stands.     Relatively  warm  and  dry  sites  within  this  habitat  type  near 
Kalispell  contain  serai  Pinus  ponderosa  and  have  little  if  any  Pinus  oontorta. 

Undergrowth  is  typified  by  Clintonia  uniflora,  Aralia  nudicaulis^  or  Cornus  cana- 
densis^ and  has  much  in  common  with  ABGR/ ,  TEPL/ TSEE/,  and  ABLA/CWB  h.t.s  of  north- 
western Montana.     Other  characteristic  species  include  Cornus  stolonifera,  Rubus 
pubescenSj  Linnaea  borealis^  Oryzopsis  asperifolia,  Adenocaulon  bicolor^  and  Galium 
triflorum. 

The  warmest,  driest  sites  in  this  habitat  type  lack  Clintonia  but  have  Cornus 
canadensis  and  Galium  triflorum.     These  sites  were  included  because  of  the  minor  area 
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Figure  25. — Picea/Clintonia  uniflora  h.t.     TClintonia  phase)  in  a  stream  bottom  (3,000 
feet  elev.)  southeast  of  Eureka  in  northwestern  Montana.     Serai  Pseudotsuga  and 
Larix  occidental  is  oodominate  with  Picea.    Aralia  nudicaulis  is  the  most  abundant 
undergrowth. 


they  cover  as  well  as  their  general  similarity  to  the  sites  supporting  Ctintonia. 
Aralia  is  usually  associated  with  more  moist  lowland  sites;  Clintonia  occurs  on  all  but 
the  warm,  dry  margins  of  the  habitat  type;  and  Comus  canadensis  is  found  essentially 
throughout  the  habitat  type. 

Clintonia  uniflora  (CLUN)  phase. — This  is  the  typical  phase  of  the  habitat  type, 
identified  by  the  absence  of  Vaocinium  aaespitosum. 

Vaooinium  caespitosum  (VACA)  phase. — This  phase  occurs  on  gravelly  benches  and  may 
also  be  subject  to  more  frequent  frosts  than  the  Clintonia  phase.    Pinus  aontorta  is  a 
major  serai  species  in  natural  stands,  while  Pseudotsuga  and  Larix  are  less  important. 
Basal  area  stocking  is  less  than  in  the  CLUN  phase.     In  general,  the  VACA  phase  can  be 
considered  as  transitional  to  the  PICEA/VACA  h.t. 

Soil. --Out  stands  were  on  various  noncalcareous  sedimentary  and  metamorphic  parent 
materials  (appendix  D-1),  occurring  as  alluvial  or  glacial  deposits.     Surface  soils  were 
acidic  loams  and  silt  loams  with  variable  gravel  content  (average  15  percent) .  Ground 
surfaces  had  virtually  no  rock  or  bare  soil  exposed.     Duff  depth  averaged  6.3  cm  in  the 
CLUN  phase,  but  only  2.6  cm  in  the  VACA  phase. 

Productivity /Management. — Timber  productivity  is  moderate  to  high  (appendix  E-3). 
Productivity  was  generally  highest  in  the  CLUN  phase.     Partial  cutting  tends  to  convert 
over stories  to  Pseudotsuga  and  eventually  Picea.     Clearcutting  and  seed-tree  cutting 
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will  favor  Pinus  oontovta^  Larix,  Pseudotsugaj  or  Pinus  pondevosa-     The  vigorous  growth, 
apparent  ease  of  regeneration,  and  accessibility  of  the  PICEA/CLUN  h.t.  offer  oppor- 
tunities for  intensive  timber  management.     However,  much  of  the  area  of  the  habitat 
type  has  been  cleared  for  grazing  or  farming. 

PICEA/CLUN  often  provides  winter  range  for  deer,  and  occasionally  elk  and  moose. 
Use  by  domestic  stock  appears  limited  in  natural  stands. 

PiQea/Physoaarpus  malvaceus  h.t. 
(PICEA/PHMA;  spruce/ninebark) 

Distribution. — The  PICEA/PHMA  h.t.  covers  sizable  areas  on  moist,  north-facing 
slopes  in  south-central  Montana  on  the  Gallatin  National  Forest  (fig.  26).  Elevations 
of  sample  plots  were  5,900  to  7,000  feet. 

Vegetation. — Pseudotsuga  menziesii  is  the  typical  overstory  dominant  in  serai 
stands,  with  Pinus  oontovta  occasionally  well  represented.     In  these  stands  Picea  is 
normally  represented  by  scattered  but  vigorous  seedlings,  saplings,  and  poles.  Ahies 
lasiocavpa  is  occasionally  present  at  higher  elevations  in  the  habitat  type;  however, 
both  representation  and  vigor  of  Ahies  are  weak  compared  with  Pioea. 

Symphoricarpos  albas  and  Spiraea  hetutifoHa  are  common  associates  of  Physocarpus 
in  the  shrub  layer.    Aotaea  rubra  occurs  in  about  half  the  stands  and  Galium  triflorum 
is  usually  present;  thus,  stands  would  often  key  to  PICEA/GATR  h.t.  except  for  the 
shrubby  layer  of  Physocarpus  that  dominates  even  under  mature  forest  canopies. 


Figure  26. — Picea/Physocarpus  malvaceus  h.t.  on  a  moderate  east-facing  slope  (6,600 
feet  elev. )  south  of  Big  Timber  in  south-central  Montana.     Pseudotsuga  dominates 
the  stand,  but  Picea  is  present  in  all  size  classes. 
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Soil. — Our  stands  were  primarily  on  calcareous  parent  material   (appendix  D-1). 
Surface  soils  were  acidic  to  neutral,  gravelly  (average  17  percent)  loams  to  silts. 
Ground  surfaces  had  virtually  no  rock  or  bare  soil  exposed;  duff  depth  averaged 
6.5  cm . 

Produotivity /Management . — This  is  one  of  the  better  habitat  types  east  of  the 
Continental  Divide  (appendix  E-1)  for  growth  of  Pseudotsuga.     Timber  productivity  is 
moderate  (appendix  E-4) .     Potential  for  cattle  grazing  appears  poor;  however,  sample 
stands  showed  evidence  of  considerable  use  by  deer,  elk,  and  moose,  often  with  browsing 
of  Acer  and  Prunus. 

Other  studies. — The  PICEA/PHMA  h.t.  has  not  been  described  elsewhere  in  the  Rocky 
Mountains. 

Pioea/Galiim  tviflovwn  h.t. 
{PICEA/GATR;  spruce/sweetscented  bedstraw) 

Distribution. — PICEA/GATR  is  found  on  cool,  moist  sites,  usually  bordering  streams, 
or  occasionally  on  moist  toe-slopes.     It  is  abundant  only  in  south-central  Montana  in 
the  vicinity  of  the  Gallatin  National  Forest,  mostly  between  6,000  and  7,000  feet.  It 
is  found  infrequently  elsewhere. 

Vegetation. — Serai  stands  may  contain  Pseudotsuga  or  Pinus  contorta  in  the  over- 
story,  but  Pioea  reestablishes  quickly  on  disturbed  sites  and  soon  dominates.  Ahies 
lasiocarpa  is  frequently  present  in  small  numbers,  but  exhibits  low  vigor. 

Undergrowth  is  composed  of  various  wet-site  forbs  such  as  Galium  triflorum,  Aataea 
rubra^  and  Streptopus  amplexif olius .     Other  characteristic  species  include  Rubus  par- 
vifloruSj  Ribes  lacustre^  Symphorioarpos  albus,  Linnaea  borealis,  Eeracleum  lanatum^ 
Smilacina  stellata,  and  Geranium  viohardsonii .     The  common  occurrence  of  Equisetum 
arvense  testifies  to  the  moist  nature  of  the  sites.     In  general,  the  undergrowth  might 
be  considered  as  a  geographic  replacement  for  the  ^^Paahistima  union"  of  northern  Idaho 
(R.  and  J.  Daubenmire  1968)  and  those  habitat  types  containing  Clintonia  in  northwestern 
and  west -central  Montana. 

Soil. — PICEA/GATR  was  sampled  on  a  variety  of  primarily  noncalcareous  parent 
materials  (appendix  D-1).     Surface  soils  were  loams  to  silts  with  reactions  ranging 
from  neutral  to  acidic.     Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff 
depth  averaged  6.8  cm. 

Productivity /Management. — Timber  productivity  is  moderate  to  high  (appendix  E-4); 
this  is  one  of  the  most  productive  habitat  types  for  Pioea  and  Pinus  contorta  east  of 
Divide  in  Montana.     Silvicultural  prescriptions  leading  to  all-aged  management  of  Pioea 
should  be  considered  as  a  possible  management  alternative. 

Pellet  groups,  trails  and  tracks,  and  browsing  indicate  that  the  habitat  type  is 
used  by  elk  and  deer  as  winter  range.     Some  of  the  broad,  flat  mountain  valleys  associ- 
ated with  this  type  appear  to  be  prime  year-round  moose  habitat.     Grazing  by  domestic 
stock  was  light  in  the  sampled  stands. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere  in  the  Northern 
Rockies . 

Vioea/'VaoQinivm  caespitosim  h.t. 
iPICEA/VACA;  spruce/dwarf  huckleberry) 

Distribution. — The  PICEA/VACA  h.t.  is  common  in  northwestern  Montana,  especially 
in  the  Flathead  Valley  where  sample  stands  range  in  elevation  from  3,100  to  4,200  feet. 
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One  stand  was  also  sampled  near  the  Sun  River  Game  Range  west  of  Augusta  at  5,300  feet. 
Stands  are  typically  located  on  gravelly  terraces,  but  sometimes  they  occupy  gentle 
slopes.    Although  summer  daytime  temperatures  are  probably  high  on  these  sites,  frost 
is  common.     VICEA/YA.CA  is  probably  cooler  and  perhaps  more  moist  than  the  FSME/VACA 
h.t.,  but  drier  than  the  TICEA/CLUI^  h.t.,  VACA  phase.     Eastward  in  Montana  Vaccinium 
oaespitosum  is  usually  restricted  to  benchlands  at  somewhat  higher  elevations,  where 
cooler  and  more  moist  conditions  permit  Abies  lasiooarpa  to  form  the  climax  (thus, 
ABLA/VACA  h.t.}. 

Vegetation . --Pseudotsuga  menziesii^  Lavix  occidentalism  and  Pinus  contorta  are 
major  serai  dominants  in  this  habitat  type,  and    stands  seldom  reach  a  near-climax 
condition.     Periodic  wildfires  seem  to  recycle  stands  in  which  mature  Pinus  contorta 
has  begun  to  die.     In  most  instances  these  sites  are  too  cold  for  Pinus  ponderosa. 

Undergrowth  is  similar  to  that  of  the  PSl^E/VACA  h.t.     A  mat  of  CaZamagrostis 
rubescens  dominates,  and  Vaccinium  oaespitosum  and  Linnaea  bovealis  are  usually  major 
components  of  the  undergrowth.    Spivaea  betulifolia  and  Symphoricarpos  albus  may  be 
well  represented. 

Soil. — Our  stands  were  on  noncalcareous  parent  materials  (appendix  D-1) .  Surface 
soils  were  slightly  acidic,  gravelly  (30  percent)  loams  and  silt  loams.     Ground  surfaces 
had  virtually  no  rock  or  bare  soil  exposed;  average  duff  depth  was  only  2.6  cm. 

Productivity /Management . — Timber  productivity  ranges  from  moderate  to  high  (appendix 
E-3)  with  a  good  mixture  of  commercially  valuable  tree  species  (appendix  B) .  Well- 
drained  soils  and  gentle  topography  offer  opportunities  for  intensive  timber  management. 
The  forage  potential  for  domestic  livestock  is  limited.     However,  PICEA/VACA  is  evidently 
used  as  winter  range  by  elk  and  mule  deer  and  may  provide  year-round  habitat  for  moose 
and  white-tail  deer. 

Other  studies. — In  Alberta  a  portion  of  Ogilvie's  (1962)  Picea  glauca/ CaZamagrostis 
rubescens  h.t.  appears  similar  to  our  PICEA/VACA  h.t. 

Picea/Seneoio  streptanthifolius  h.t. 
{PICEA/SEST;  spruce/cleft-leaf  groundsel) 

PICEA/SEST  is  a  minor  but  distinctive  habitat  type  found  in  a  few  limestone 
mountainous  areas  of  central  and  southwestern  Montana.     Sample  plots  were  taken  in  the 
Beaverhead  Range  at  8,300  to  8,600  feet  and  in  the  southeastern  portion  of  the  Little 
Belt  Mountains  at  7,200  to  8,200  feet  (fig.  27).     One  stand  was  sampled  in  the  Front 
Range  in  the  Lewis  and  Clark  National  Forest  at  6,900  feet,  and  small  amounts  of  it 
have  also  been  found  in  the    Helena  National  Forest.     Aspects  are  generally  north  to 
east  on  mid-  to  upper-slopes  or  ridgetops.     Adjacent  sites  with  deeper  soils  often 
support  ABLA/ARCO  h.t.,  while  PIFL/JUCO  and  PS14E/JUC0  occur  on  warmer  exposures. 

Vegetation. — Near-climax  stands  are  dominated  by  Picea  in  all  age  classes.  Abies 
Zasiocarpa  may  be  present  in  minor  amounts  at  higher  elevations,  but  appears  incapable 
of  gaining  dominance.     At  lower  elevations,  Pseudotsuga  is  a  major  serai  dominant. 
Pinus  flexilis  and  P.  aVbicaulis  are  minor  serai  components. 

Undergrowth  is  primarily  composed  of  small  amounts  of  Senecio  streptanthifolius, 
Pyrola  seounda.  Arnica  cordifolia,  Osmorhiza  ahilensis.  Clematis  pseudoalpina^  Festuca 
idahoensis,  Trisetum  spicatum,  Poa  nervosa,  Poa  fendleriana,  and  Juniperus  communis. 

Pseudotsuga  menziesii  (PSME)  phase. —  The  PS14E  phase  is  found  in  central  and 
southwestern  Montana.     In  the  Little  Belt  Mountains  it  occurs  between  7,000  and  7,500 
feet.    Pseudotsuga  is  a  major  serai  dominant.     Shepherdia  canadensis  is  also  an 
indicator  of  this  phase. 
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Fzgupe  27.^~Picea/Senecio  streptanthifolius  h.t.    rPseudotsuga  phase)  on  a  broad  lime 
stone  ridge  (7,200  feet  elev.)  northwest  of  Harlowton  in  central  Montana.  Picea, 
Pseudotsuga,  and  Pinus  flexilis  make  up  the  overstory.     Juniperus  communis  is  the 
dominant  undergrowth. 

Picea  (PICEA)  phase. --This  phase  was  found  only  on  the  Little  Belt  Mountains, 
between  7,500  and  8,200  feet.    Pseudotsuga  is  absent  because  sites  are  above  its 
elevational  limits.    Shepherdia  canadensis  is  also  absent. 

Soil. — The  PICEA/SEST  h.t.  was  found  exclusively  on  calcareous  parent  materials. 
Soil  samples  were  not  obtained,  but  field  observations  indicated  soils  were  shallow 
and  droughty. 

Productivity /Management . --Timber  productivity  is  low,  making  this  habitat  type 
the  least  productive  in  the  Picea  series  (appendix  E-4) .     The  sparse  undergrowth 
provides  little  forage  for  domestic  stock  or  big  game.     Some  stands  show  evidence  of 
light  use  by  deer  and  elk. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere  in  the 
northern  Rocky  Mountains . 

Picea/Linnaea  horealis  h.t. 
{PICEA/LIBO;  spruce/twinf lower) 

Distribution. — The  PICEA/LIBO  h.t.    is  found  on  cool,  well-drained  benches  and 
gentle  northeast  slopes,  mostly  east  of  the  Continental  Divide  in  Montana.  Location 
and  elevation  of  sample  stands  are  shown  in  table  4. 

Vegetation. --^Q3.rly  all  of  the  21  sample  stands  apparently  became  established 
after  wildfires.    Pinus  oontorta,  Pseudotsuga,  and  Picea  dominate  stands  in  that 
order  as  succession  progresses. 
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Table  4 .- -Distribution  of  Picea/Linnaea  borealis  h.t.  sample  stands  in  Montana 


National  Forest  vicinity 


No.  plots 


Elevational  range 


Feet 


Lolo 

Deerlodge 
Beaverhead 

Lewis  and  Clark  (east) 
Gallatin 

Yellowstone  Park 


1 

2 
2 
5 
8 
3 


4,200 


6,400  to  6,700 

6,600  to  7,200 

5,200  to  6,000 

5,700  to  7,800 

6,800  to  7,200 


Vaociniym  gtohuloj^e^  Vaacinium  soopariunij  Alnus  siniMzta^  Catamagvostis  vuhesaens ^ 
or  Si/mphorioarpos  albus  frequently  dominate  the  undergrowth.     Shephevdia  canadensis 
often  dominates  serai  stands. 

Soil/Climate. — The  PICEA/LIBO  h.t.  was  sampled  on  a  variety  of  primarily  noncal- 
careous  parent  materials  (appendix  D-1).     Surface  soils  were  gravelly  (24  percent) 
sandy  loams  to  silts  with  reactions  ranging  from  very  acidic  to  slightly  basic  (mean 
pH  6.1).     Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depth  averaged 
6.4  cm.    Weather  data  from  the  northeast  entrance  to  Yellowstone  Park  (appendix  D-2) 
represent  this  habitat  type. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4) .  Also, 
the  gentle  topography  associated  with  this  type  offers  better  opportunity  for  intensive 
timber  management  than  many  other  east-side  habitat  types. 

Elk  and  deer  use  was  conspicuous  in  most  stands;  several  stands  were  also  fre- 
quented by  moose.    Use  by  domestic  stock  was  not  observed  in  any  of  the  sample  stands. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere. 


Distribution. — PICEA/SMST  occurs  on  warm,  moist  benches  and  lower  slopes.  It 
was  sampled  only  near  or  east  of  the  Continental  Divide  at  elevations  ranging  from 
4,400  feet  on  the  Helena  National  Forest  to  7,400  feet  in  Yellowstone  Park,  but 
mostly  between  5,000  and  7,000  feet. 

Vegetation. — Pseudotsuga  or  occasionally  Pinus  oontorta  dominates  in  serai  stands, 
giving  way  to  Pioea  as  succession  advances.     Undergrowth  is  dominated  by  a  luxuriant 
growth  of  forbs.    Smilaoina  stellata,  Thalictrum  oaaidentale,  Smilacina  racemosa^ 
Disporum  trachycarpum^  and  Geranium  riahardsonii  are  characteristically  present. 
Sites  are  evidently  too  warm  for  Linnaea  borealis;  but  Calamagrostis  rubescens  and 
Symphorioarpos  albus  commonly  dominate  the  undergrowth  as  in  the  PICEA/LIBO  h.t. 

Our  observations  and  those  of  Herbert  Holdorf  (Soil  Scientist,  Lewis  and  Clark 
National  Forest)  indicate  that  some  stands  on  limestone  substrates  in  central  Montana 
have  lower  productivity  and  may  even  support  scattered  Pinus  ftexilis ,  suggestive  of 
PICEA/SEST  h.t.     However,  they  have  luxuriant  undergrowth,  occur  at  moderate  elevations, 
and  are  most  logically  attributable  to  the  dry  margin  of  the  PICEA/SMST  h.t. 


Pioea/Smilaoina  stellata  h.t. 
{PICEA/SMST;  spruce/starry  Solomon's  seal) 
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Soil. — Our  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent  mate- 
rials (appendix  D-1) .     Surface  soils  were  mostly  gravelly  loams  to  silts.  Reactions 
ranged  from  neutral  to  acidic  (mean  pH  5.9).     Ground  surfaces  had  virtually  no  rock  or 
bare  soil  exposed;  duff  depth  averaged  6.0  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4) .  Several 
stands  showed  light  use  by  cattle,  and  moderate  to  heavy  winter  use  by  deer  and  elk. 

Othev  studies. — This  habitat  type  has  not  been  described  elsewhere. 

A  bies  grandis  Series 

Distribution. — Abies  grandis  is  the  indicated  climax  on  many  low-  to  midelevation 
sites  in  northwestern  and  west-central  Montana.     Its  geographic  distribution  is 
correlated  with  the  maritime-influence  climate,  which  extends  eastward  in  Montana  to 
Glacier  National  Park  and  to  the  Swan  (fig.  28),  Clearwater,  lower  Blackfoot,  and 
Bitterroot  river  valleys. 

This  series  is  bounded  on  drier  sites  by  the  Pseudotsuga  series  and  on  cooler 
sites  by  the  Abies  lasiooarpa  series.    The  overlap  of  A.  grandis  and  A.  lasioaarpa 
distributions  creates  some  problems  in  separating  the  two  series  in  the  field.  The 
distinction  is  based  on  competitive  potential,  rather  than  presence  or  absence.  Stands 
with  A.  grandis  reproducing  more  successfully  than  A.   lasioaarpa  are  placed  in  the 
A.  grandis  series,  and  vice  versa.     Thus,  each  species  may  occur  in  the  other  series 
as  a  serai  or  minor  climax  component  (appendix  B) . 

Moving  westward  toward  stronger  maritime  influence,  the  moist  sites  are  occupied 
by  the  Thuja  plicata  series  and  the  Tsuga  heterophylla  series,  which  reach  maximum 
development  in  northern  Idaho  (R.  and  J.  Daubenmire  1968).     In  frost  pockets  or  on 
drier  sites  in  the  valleys  of  northwestern  Montana,  the  Abies  grandis  series  is 
occasionally  bordered  by  the  Piaea  series. 

We  recognize  three  Abies  grandis  habitat  types  in  Montana,  which  indicates  greater 
environmental  diversity  near  the  eastern  limits  of  the  series  than  in  northern  Idaho, 
where  only  one  A.  grandis  habitat  type  has  been  defined  (R.  and  J.  Daubenmire  1968). 
This  increased  diversity  is  even  more  pronounced  near  the  southern  limits  of  the  series 
in  the  Nezperce  National  Forest  where  six  A.  grandis  habitat  types  have  been  recognized 
by  Robert  Steele  and  others  (1976,  preliminary  draft,  USDA  Forest  Service,  Inter- 
mountain  Station) . 

Vegetation. — Pseudotsuga  menziesii  is  usually  a  major  component  of  serai  stands. 
Laricc  oooidentalis,  Pinus  oontorta,  Picea^  Pinus  ponderosa^  Pinus  monticola  (roughly 
in  order  of  decreasing  importance)  may  also  occur  as  serai  dominants  or  components  of 
mixed  stands. 

The  undergrowth  is  typified  by  numerous  moist-site  forbs  and  a  diverse  mixture  of 
shrub  species  which  may  gain  temporary  dominance  during  early  successional  stages. 

Soil / Climate . — Most  soils  were  derived  from  noncalcareous  parent  materials  (append 
D-1).     Intermittent  shallow  A2  horizons  overlying  a  dominant  B  horizon  suggest  that 
loess  and  volcanic  ash  represent  a  major  contribution  to  soil  development.  Surface 
soils  are  generally  gravelly  loams  and  silt  loams  with  acidic  reactions.     Ground  sur- 
faces have  virtually  no  rock  or  bare  soil  exposed;  duff  depths   are  moderate 
(3  to  6  cm) . 

Some  climatic  parameters  for  the  Abies  grandis  series  are  shown  in  appendix  D-2. 

Productivity /Management . — Timber  productivity  in  the  series  ranges  from  moderate 
to  very  high  (appendix  E-3) .     Browse  production  for  elk  and  deer  is  high  during  early 
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Figure  25. —Abies  grandis/Clintonia  uniflora  h.t.    ("Aralia  phase)  in  the  Swan  River 
Valley  of  northwestern  Montana  (Z^lOO  feet  elev.).     Abies  grandis  and  a  lesser 
amount  of  Picea  are  the  only  tree  species  remaining  in  this  near-olimax  stand. 


successional  stages.     Some  lower  elevation  sites  in  the  series  are  utilized  as  winter 
range.    Forage  potential  and  use  for  domestic  livestock  is  generally  limited  to  valley 
bottoms  that  have  been  cleared  for  farming  and  pastures. 

Ahies  grandis/Clintonia  uniflora  h.t. 
{ABGR/CLUT^;  grand  fir/queencup  beadlily) 

Distribution. — The  ABGR/CLUN  h.t.  is  found  on  relatively  moist  sites  from  2,400  to 
5,000  feet  elevation  in  northwestern  and  west-central  Montana.     It  occurs  on  valley 
bottoms,  benches,  and  on  all  aspects. 

Vegetation. — Abies  grandis  appears  capable  of  gaining  dominance  over  all  other 
conifers  as  succession  proceeds  toward  climax.     However,  in  some  areas,  Abies  lasiooarpa 
persists  as  a  minor  climax  component.     Following  major  disturbance  such  as  fire  or 
logging,  Pseudotsugaj  Larix  oocidentalis ,  and  Rioea  (as  well  as  Pinus  contorta,  Pinus 
monticola,  and  Pinus  ponderosa  on  some  sites)  invade  along  with  Abies  grandis.     By  the 
time  a  pole-sized  stand  has  developed,  Abies  grandis  is  generally  the  only  species  that 
continues  to  reproduce  beneath  the  forest  canopy. 

Undergrowth  is  characterized  by  moist-site  herbs  including  Clintonia,  Adenocaulon 
bioolor,  Disporum  hookeri^  Galium  triflorum^  and  Bromus  vulgaris  as  well  as  the  subshrub 
Linnaea  borealis.     Several  shrubs  share  dominance  in  younger  stands;  these  include  Acer 
glabrum,  Rosa  gymnocarpa^  Rubus  parviflorus^  Amelanohier  alnifolia^  Spiraea  betulifolia^ 
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and  Symphoricarpos  albus  (appendix  C) .     A  number  of  these  species  are  part  of  the 
^'Pachistima  union"  described  by  R.  and  J.  Daubenmire  (1968)  for  northern  Idaho.  However, 
the  ^'Pachistima  union"  nomenclature  was  not  used  in  this  classification  because  individ- 
ual members  of  the  union  have  different  range  limits  eastward  from  Idaho.  Clintonia 
unifLora  is  a  reliable  indicator  species  for  moist  sites  within  the  Ahies  grandis  series, 
and  also  has  high  fidelity  in  the  Abies  gvandis/Pachistima  myvsinites  h.t.  of  northern 
Idaho;  thus,  the  latter  is  similar  to  our  ABGR/CLUN  h.t. 

Clintonia  uniflora  (CLUN)  phase. --This  is  the  typical  and  most  extensive  phase, 
generally  occurring  at  elevations  below  4,500  feet.     In  the  wettest  mountain  ranges  it 
occurs  on  dry  exposures,  with  adjacent  moist  sites  being  occupied  by  the  THPL/CLUN  or 
TSHE/CLUN  h.t.s.     In  drier  areas  it  typically  occurs  on  moist  exposures,  with  adjacent 
drier  sites  being  occupied  by  the  PSME/PHMA  or  ABGR/LIBO  h.t.s.     Cooler  sites  usually 
support  the  XETE  phase  of  ABGR/CLUN  h.t.  or  the  ABLA/CLUN  h.t. 

Avalia  nudicaulis  (ARNU)  phase. --This  phase  was  sampled  on  low  elevation  (near 
3,000  feet)  bottomlands  and  moist  benches  in  northwestern  Montana.     Pioea  and  Betula 
papyrifera  are  more  common  here  than  in  other  phases,  while  Pinus  aontovta  and  Abies 
lasiocarpa  are  usually  absent.     Undergrowth  is  more  luxuriant  than  in  other  phases,  with 
Avalia  and  Dispovwn  hookeri    usually  well  represented.     This  phase  was  also  found  in 
similarly  wet  sites  (at  4,000  to  4,500  feet  in  the  Bitterroot  Range  south  of  Missoula, 
where  it  was  indicated  by  Athyrium  filix-femina  being  common. 

Xerophyllum  tenax  (XETE)  phase. --This  phase  was  encountered  at  somewhat  higher 
elevations  (3,600  to  5,000  feet),  where  it  occupies  relatively  cold  and  well-drained 
sites  within  the  habitat  type.     It  appears  to  be  environmentally  intermediate  between 
the  warmer  CLUE  phase  and  the  colder  Abies  lasiooarpa  series.    A.   lasiocarpa  is  more 
common  in  this  phase,  while  Pinus  ponderosa  is  usually  absent.    Xerophyllwn  and  Vacciniym 
globulare  are  well  represented. 

Although  it  occupies  a  limited  area  in  Montana,  the  XETE  phase  is  common  in  the 
Selway  River  drainage  of  Idaho  (Habeck  1973,  1976;  Robert  Steele  and  others  1976 
preliminary  draft,  USDA  Forest  Service,  Intermountain  Station). 

Soil/Climate. — The  ABGR/CLUN  h.t.  was  sampled  on  a  variety  of  noncalcareous 
substrates  (appendix  D-1).     Surface  soils  were  gravelly  sandy  loams  to  silts  in  the 
CLUN  phase,  gravelly  loams  in  the  XETE  phase,  and  usually,  nongravelly  silt  loams  and 
silts  in  the  ARNU  phase.     Reactions  ranged  from  acidic  to  slightly  acidic  in  all  phases. 
Little  surface  rock  or  bare  soil  were  exposed;  duff  depths  were  moderate  (3  to  6  cm) . 

Weather  data  from  Trout  Creek,  Montana,    (appendix  D-2)  represent  the  climate  of 
a  warm  site  at  low  elevation  in  this  habitat  type. 

Productivity /Management . — ABGR/CLUN  has  high  to  very  high  timber  productivity 
(appendix  E-3) .     Partial  cutting  practices  will  lead  to  dominance  hy  Abies  grandis, 
which  is  often  greatly  reduced  in  value  by  Indian  paint  fungus  (Echinodontium  tinet- 
orum) .     Obtaining  regeneration  of  the  serai  species  is  usually  the  best  approach  for 
timber  management. 

Abundant  forage  for  deer  and  elk  is  produced  during  earlier  successional  stages. 
Although  many  stands  showed  evidence  of  browsing,  the  low-elevation  and  south-exposure 
sites  are  usually  the  only  portions  of  the  habitat  type  offering  winter-range  potent iaj.. 
Domestic  forage  production  is  minimal  in  natural  stands. 

Other  studies. — The  CLUN  phase  is  comparable  to  most  of  the  stands  in  R.  and  J. 
Daubenmire 's  (1968)  Abies  grandis /Pachistima  h.t.  in  northern  Idaho. 
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Abt.es  grandis/L-innaea  bovealis  h.t. 
{ABGR/LIBO;  grand  fir/tvdnf lower) 

Distribution. — ABGR/LIBO  is  a  minor  habitat  t}'j)e  in  Montana  that  occurs  between 
about  3,700  and  5,500  feet  on  northerly  to  southeasterly  aspects.     It  is  locally  common 
in  the  mountains  near  Perma  and  Hot  Springs,  as  well  as  at  various  locations  in  the 
Bitterroot  Range  south  of  Missoula.     It  often  occupies  better-drained  slopes  or  benches 
adjacent  to  the  A.BGR/CLUN  h.t.  on  moist  sites,  such  as  ravines.     As  one  moves  east  or 
south,  out  of  the  maritime-influence  climatic  zone,  this  habitat  type  replaces  ABGR/CLUN. 

Vegetation. --Uo St  sample  stands  are  dominated  by  Pseudotsuga^  Larix  occidentatis , 
or  Pinus  ponderosaj  with  Abies  grandis  gaining  dominance  in  the  understory.     In  contrast 
to  other  habitat  types  in  the  series,  Abies  lasiooarpa    and  Picea  were  absent  from 
almost  all  stands. 

Undergrou-th  is  similar  to  that  of  the  ABGR/CLUN  h.t.   except  for  the  lack  of 
certain  ''Pachistima  union"  members  (such  as  Clintonia,  Adenooauton  bioolor ,  and 
Dispovim  hookeri)     and  the  scarcity  of  others  (such  as  Galium  tviflorwn) .  Linnaea 
often  forms  a  rather  extensive  mat  on  the  forest  floor. 

Linnaea  boveatis  (LIBO)  phase. --This  appears  to  be  the  most  common  phase,  ranging 
from  3,700  to  above  4,600  feet  on  northerly  aspects.  Pinus  ponderosa  is  often  a  major 
serai  dominant. 

Xerophyltum  tenax  (XETE)  phase. --Stands  observed  in  this  phase  occur  between  4,700 
and  5,500  feet  on  easterly  to  southeasterly  exposures.     It  appears  to  be  transitional 
between  the  LIBO  phase  and  the  ABLA/LIBO  h.t.,  XETE  phase  or  the  ABGR/XETE  h.t. 

Soil. — Our  two  stands  having  soils  data  were  on  noncalcareous  parent  materials 
(appendix  D-l).     Surface  soils  were  acidic,  gravelly  loams  to  silts.     Ground  surfaces 
had  no  rock  or  bare  soil  exposed;  duff  depths  were  3  and  4  cm. 

Mana.gement  Unplioations . — Timber  productivity  is  high  (appendix  E-3)  affording  good 
opportunities  for  timber  management.     Productivity  was  highest  in  the  LIBO  phase. 
Forage  production  for  deer  and  elk  is  moderately  good  in  early  successional  stages, 
although  sites  are  often  not  accessible  for  winter  range.     Forage  production  for 
domestic  livestock  offers  little  potential. 

Other  studies. — This  habitat  t>'pe  has  been  described  by  Robert  Steele  and  others 
(1975  preliminary  draft,  USDA  Forest  Service,   Intermountain  Station)  in  central  Idaho 
as  well  as  by  Robert  Steele  and  others  (1976  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  for  the  Nezperce  National  Forest. 

Abies  grandis /Xerophyllum  tenax  h.t. 
(ABGR/XETE;  grand  fir /bear grass) 

Distribution. — ABGR/XETE  is  a  minor  habitat  type  locally  common  on  well-drained 
slopes  between  4,700  and  5,300  feet  in  western  portions  of  the  Lolo  and  Bitterroot 
National  Forests.     It  is  apparently  the  driest  of  the  Abies  grandis  habitat  types  in 
Montana,  being  bordered  on  more  moist  sites  by  the  ABGR/CLUN  or  ABGR/LIBO  h.t.s  and 
on  colder  sites  by  ABLA/XETE. 

Vegetation. --}-\o St  sample  stands  were  rather  young  (50  to  100  years)  and  were 
dominated  by  Pseudotsuga^  Larix,  and  Pinus  oontorta.     Regeneration  of  Abies  grandis 
was  abundant  in  some  stands,  but  was  scattered  in  other  stands  apparently  because  of 
difficulties  in  establishment  (dry  site  conditions).     We  interpret  Abies  grandis  as  a 
significant  site  indicator  and  predict  that  it  will  be  a  major  component,  if  not 
dominant,  in  climax  stands. 
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Undergrowth  is  rather  sparse,  with  only  XeToyhyllvon^  Vacoinium  glohulare^ 
Catamagrostis  vuhescens,  and  sometimes  Paohistima  or  Arnica  latifolia  being  well 
represented.    Moist  site  species  such  as  Ct-intonia^  Linnaea,  Adenocauton,  and  Galiim 
triftorum  are  absent . 

Soil. --Field  observations  indicated  that  soils  were  similar  to  those  in  the  ABGR/ 
CLUN  h.t.     Ground  surfaces  had  little  bare  soil  and  surface  rock  exposed;  duff  depth 
ranged  from  1  to  3  cm. 

Productivity /Management . — Timber  productivity  is  moderate  to  high  (appendix  E-3) . 
Numerous  valuable  serai  species  and  ease  of  regeneration  are  favorable  for  intensive 
timber  management;  however,  the  type  only  covers  a  small  area.     Forage  production  for 
deer  and  elk  is  good,  although  primarily  for  spring  through  fall  use.     According  to 
Richard  Ringleb  (Lolo  National  Forest,  Missoula)  young  stands  originating  after  the 
1910  burn  in  the  St.  Regis  River  Valley  are  used  heavily  by  deer  and  elk,  with  major 
browsing  on  Vaccinium  glohulare  and  Pachistima.    ABGR/XETE  provides  no  potential  for 
domestic  livestock  use. 

Other  studies. — Habeck  (1973,  1976)  and  Robert  Steele  and  others  (1976  preliminary 
draft,  USDA  Forest  Service,  Intermountain  Station)  have  identified  an  ABGR/XETE  h.t.  as 
representing  sites  at  the  cold,  dry  limits  of  the  Abies  grandis  series  in  the  Selway 
River  drainage  in  Idaho.     Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  have  described  an  Abies  grandis /Vaccinium  globulare  h.t. 
in  central  Idaho,  that  may  represent  an  extension  of  ABGR/XETE  beyond  the  geographic 
range  of  Xerophyllum  tenax. 

Thuja  plicata  Series  and  Tsuga  heterophylla  Series 

Distribution. — Associations  dominated  by  Thuja  plicata  and  Tsuga  heterophylla 
occupy  moist  areas  within  the  maritime-influenced  climatic  zone  of  the  northern  Rocky 
Mountains.     They  occur  extensively  in  northern  Idaho  (R.  and  J.  Daubenmire  1968),  but 
diminish  eastward  in  northwestern  Montana.     In  Montana  these  habitats  are  generally 
confined  to  bottomland  or  northerly  exposures  between  about  2,000  and  5,000  feet 
elevation  on  sites  where  average  annual  precipitation  is  32  inches  or  more.  They 
are  bordered  on  drier  sites  by  the  Abies  grandis  series  and  on  colder  sites  (at  higher 
elevations  and  in  frost  pockets)  by  the  Abies  lasiocarpa  series  (ABLA/CLUN  h.t.). 

Both  the  Thuja  and  Tsuga  series  are  most  common  in  the  extreme  northwestern  por- 
tion of  Montana  but  extend  eastward  sporadically  almost  to  the  Continental  Divide  in 
Glacier  National  Park.     Isolated  stands  of  the  Tsuga  series  also  occur  locally  in  the 
Swan  Valley,  but  generally  Tsuga  is  confined  to  the  vicinities  of  Libby  and  Thompson 
Falls  and  westward  to  Idaho.    The  Thuja  series  occurs  more  extensively  in  the  Swan 
Valley  and  Mission  Range;  it  extends  eastward  locally  to  Missoula,  and  forms  small 
riparian  stringers  along  major  streams  in  the  Bitterroot  Range  west  of  Hamilton. 

Vegetation. — Thuja  and  Tsuga  are  shade-tolerant  climax  conifers  that  grow  in  sim- 
ilar environments.    However,  Thuja  extends  locally  onto  slightly  drier  sites  than  Tsuga, 
in  addition  to  spreading  farther  south  and  east  in  Montana.    Tsuga  heterophylla  is 
usually  capable  of  attaining  dominance  over  Thuja  and  other  species  at  climax  because 
it  is  better  able  to  reproduce  under  a  dense  forest  canopy.    However,  Thuja  is  capable 
of  maintaining  itself  indefinitely  as  a  minor  climax  species  in  the  Tsuga  series 
because  of  its  shade  tolerance,  longevity  (often  600  to  1,000  years),  and  apparent 
ability  to  regenerate  vegetatively  (Habeck  1968) . 

There  are  two  exceptions  to  the  climax  dominance  of  Tsuga,     One  is  the  high  water 
table  Thuja/Oplopanax  h.t.  where  Thuja  and  Tsuga  are  considered  as  major  coclimax 
dominants  in  Montana  (appendix  B) .     The  other  exception  occurs  sometimes  near  the  range 
limits  of  Tsuga  in  Montana,  where  only  scattered  individuals  of  Tsuga  are  present  (often 
exhibiting  frost-killed  tops)  in  stands  having  Abies  lasiocarpa  clearly  indicated  as 
the  potential  climax  dominant. 
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Pseudotsuga^  Lari-x  occidentaZiSj  and  to  a  lesser  extent  Pi-oea  are  often  dominants 
in  serai  stands  in  these  series  (appendix  B) .     Pinus  contovta^  Pinus  monti-Qota^  and 
Betula  papyrifera  are  minor  components  of  serai  stands.    Abies  grandis  and  A.  lasiocavpa 
are  either  minor  serai  or  minor  climax  components  of  most  of  the  habitat  types.  Thuja 
and  Tsuga  usually  regenerate  on  disturbed  sites  along  with  and  beneath  the  serai  tree 
species,  but  it  takes  them  several  hundred  years  to  assume  dominance  in  the  overstory 
because  of  the  longevity  of  the  large  serai  trees.     Stands  commonly  have  a  mixture  of 
four  to  six  tree  species;  occasionally  as  many  as  10  tree  species  can  be  found  in  the 
same  stand. 

Undergrowth  is  composed  of  many  moist-site  forbs  and  shrubs  (appendix  C-1  and  C-2); 
coverages  vary  considerably  depending  upon  successional  status.     In  the  most  dense 
forest  stands,  CZintonia  uni flora  persists  as  a  useful  indicator  of  the  ^^Paohi-stima 
union^^  described  by  R.  and  J.  Daubenmire  (1968). 

Early  successional  stages  may  be  dominated  by  a  dense  invasion  of  Epilobiim 
angustifoHum  and  other  forbs,  or  shrubfields  composed  of  Salix  scouleriana,  Rubus 
parviftorus,  Amelanohiev  alnifolia,  Acer  glabrurrij  Vacainium  globulare^  Ceanothus 
velutinuSi  and  (near  the  Idaho-Montana  border)  Ceanothus  sanguineus. 

Soil /Climate. — Parent  materials  within  both  series  are  exclusively  noncalcareous 
and  nonigneous--predominantly  sedimentary  rock  and  argillite  (appendix  D-1).  Presumably, 
volcanic  ash  and  loess  deposits  have  also  had  a  major  influence  on  soil  development 
with  resultant  fertility  and  moisture-holding  characteristics  beneficial  to  Thuja^  Tsuga^ 
and  associated  undergrowth.     Surface  soils  are  primarily  acidic,  gravelly  loams  to 
silts.     Ground  surfaces  rarely  have  exposed  rock  or  bare  soil;  mean  litter  depth  exceeds 
5  cm  for  all  habitat  types  and  phases  in  the  series. 

Weather  records  from  Heron,  Montana,  near  the  Idaho  border  (appendix  D-2) ,  illustrate 
the  moist,  mild-temperature  conditions  associated  with  these  series.     R.  and  J.  Dauben- 
mire (1968)  presented  additional  climatic  data  for  sites  in  northern  Idaho. 

Productivity /Management. — The  Thuja  and  Tsuga  series  have  the  highest  timber 
productivity  (appendix  E-3) ,     Maximum  production  is  usually  found  in  stands  dominated 
by  serai  species.     Shade-tolerant  conifers  are  often  susceptible  to  fungal  decay  (e.g., 
Echinodontium  tinctorum  in  Abies  grandis  and,  Tsuga)  that  may  be  accelerated  by  partial 
cutting.    Maximum  productivity  will  likely  be  realized  by  even-aged  management  of  serai 
species.     Natural  regeneration  occurs  readily  when  an  adequate  seed  source  is  available 
and  site  preparation  has  been  thorough  enough  to  retard  development  of  brushfields. 

Forage  potential   (primarily  palatable  shrubs)  for  deer  and  elk  is  very  high  in 
early  successional  stages,  but  may  be  almost  nonexistent  in  dense,  near-climax  stands. 
In  some  areas,  these  series  occur  at  low  enough  elevations  to  provide  winter  range. 
Thuja  plicata  may  be  utilized  heavily  on  big-game  winter  range.     Forage  potential  for 
domestic  livestock  is  very  low. 

Other  studies. — Our  habitat  types  within  the  Thuja  and  Tsuga  series  are  essentially 
equivalent  to  those  defined  for  northern  Idaho  by  R.  and  J.  Daubenmire  (1968).  However, 
we  used  the  typal  epithet  of  - - / Clintonia  uniflora  instead  of-- /Paohistima  myrsinites 
to  maintain  consistency  with  related  habitat  types  in  the  Pioea,  Abies  grandis,  and 
Abies  lasiocarpa  series 

Thuja  plicata/ Clintonia  uniflora  h.t. 
(THPL/CLUN;  western  redcedar/queencup  beadlily) 

Distribution. — THPL/CLUN  is  relatively  common  in  northwestern  Montana,  extending 
east  to  Glacier  National  Park,  the  Swan  River  Valley,  and  south  to  the  Bitterroot 
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Range  near  Hamilton.     It  is  typically  associated  with  bottomlands,  benches,  and 
northerly  exposures  from  about  2,000  to  5,000  feet  in  elevation.     Within  the  geographic 
range  of  Tsuga  hetevophylla  (and  therefore  the  TSHE/CLUN  h.t,),  THPL/CLUN  is  restricted 
to  relatively  warmer  and  drier  sites.     Beyond  the  range  of  Tsuga,  THPL/CLUN  occupies 
the  bottoms  and  extends  in  fingers  up  cool  and  moist  ravines  bordered  by  the  ABGR/ 
CLUN  h.t. 

Vegetation. — Thuja  is  the  indicated  climax  as  well  as  being  the  major  dominant  in 
most  sample  stands.    Major  components  of  serai  stands  throughout  the  habitat  type  are 
Abies  gvandis,  Pseudotsuga,  Larix,  Pioea,  and  Ahies  lasiooarpa.    Abies  grandis  is  usually 
a  persistent  serai  component,  as  was  found  by  R.  and  J.  Daubenmire  (1968),  but  occasion- 
ally appears  to  achieve  coclimax  status  with  Thuja,  especially  near  Thuja's  range  limits 
in  Montana.     This  situation  was  found  to  be  common  in  Idaho's  upper  Selway  River  drainage 
(Habeck  1976). 

Clintonia  is  almost  always  present  in  the  undergrowth.     Other  species  generally 
found  throughout  this  habitat  type  in  Montana  include  shrubs  Rubus  parvif torus, 
Vaccinium  globulare,  and  Linnaea  bovealis,  and  forbs  Goodyera  obtongifolia,  Pyvola 
secunda,  and  Viola  ovbioulata  (appendix  C) .     Coimus  canadensis^  Adenocaulon  bioolor, 
Galium  triflorum,  and  Tiarella  trifoliata  occur  less  frequently,  but  are  generally  in- 
dicative of  this  habitat  type. 

Clintonia  uniflora  (CLUN)  phase. --This  is  the  most  common  phase  of  the  type,  and  it 
occurs  widely  on  well -drained  bottoms,  moist  benches,  and  north  slopes.  Menziesia 
fevvuginea,  Avalia  nudicaulis,  and  fern  indicators  of  the  other  phases  are  notably  scarce. 

Avalia  nudioaulis  (ARNU)  phase . --Undergrowth  is  distinguished  by  having  Avalia,  or 
ferns  Athyvium  filix-femina  or  Gymnocarpiwn  dryopteris  common  in  addition  to  the  usual 
Clintonia  associates.     This  phase  also  has  a  more  luxuriant  assemblage  of  moist-site 
forbs,  including  higher  coverages  of  Adenocaulon,  Tiarella,  and  Galium  triflovum. 
This  phase  occupies  more  moist  bottoms  and  slopes  than  the  CLUN  phase,  generally  at 
elevations  below  4,000  feet. 

Menziesia  fevvuginea  (MEFE)  phase. --This  phase  occurs  near  the  upper  elevational  (cold) 
limits  of  the  habitat  type  on  north-facing  slopes  or  in  ravines.     It  was  sampled  be- 
tween 4,300  and  5,300  feet  in  northwestern  Montana.     It  is  identified  by  Menziesia 
being  common  in  the  undergrowth.    Xevophyllum,  Taxus,  and  Avnica  latifolia  are  usually 
conspicuous  also,  in  contrast  to  the  other  phases  of  the  habitat  type,    Abies  lasiocarpa 
is  almost  as  abundant  as  Thuja  in  most  stands,  and  probably  plays  a  minor  climax  role, 
although  Thuja  regenerates  more  effectively.    Larix,  Pseudotsuga,  and  Picea  engelmannii 
are  the  other  major  constituents  of  serai  stands.    Pinus  contorta  is  a  more  frequent 
serai  component  in  this  phase  than  in  other  phases  of  the  type,  while  Abies  grandis 
occurs  only  rarely.     This  phase  is  bordered  above  by  ABLA/CLUN  h.t.,  MEFE  phase,  or  by 
ABLA/MEFE  h.t. 

Soil. — The  THPL/CLUN  h.t.  was  commonly  found  on  argil lite  or  noncalcareous  sedimen- 
tary parent  materials  (appendix  D-1).     Surface  soils  were  acidic,  gravelly  loams  to  silts. 
Ground  surfaces  had  little  rock  or  bare  soil  exposed;  and  duff  depths  averaged  greater 
than  5  cm. 

Productivity /Management. — Timber  productivity  is  high  to  very  high  (appendix  E-3) . 
However,  it  is  difficult  to  find  free-growing  individuals  for  determining  site  index  in 
the  dense  mature  stands  on  this  habitat  type.     Limited  data  from  the  CLUN  phase  suggest 
that  productivity  is  uniformly  high  for  Pseudotsuga,  Abies  lasiocarpa,  A.  grandis,  || 
Picea,  and  Larix.     In  the  MEFE  phase,  productivity  is  somewhat  lower  and  A.  grandis  is 
absent.     The  ARNU  phase  has  the  highest  productivity,  especially  for  Pseudotsuga  and 
Abies  grandis.     Although  potential  productivity  is  high,  realization  of  it  may  require 
intensive  management--select ing  the  best  species,  controlling  the  stocking,  and  mini- 
mizing disease  and  insect  losses.  \ 
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Basal  areas  are  high  in  stands  throughout  this  habitat  type,  natural  fire  frequency 
is  low,  although  fires  that  do  occur  are  often  intense.     Fires  early  in  this  century 
destroyed  essentially  all  Thuja  in  some  narrow  canyon  habitats  observed  west  of  Superior, 
Montana,  and  Thuja  has  not  become  reestablished  in  the  new  stands.     Grazing  of  Thuja  by 
cattle  and  big  game  appears  to  retard  natural  reinvasion. 

Forage  production  for  elk  and  deer  is  generally  high  during  early  successional 
stages.     Some  lower  elevation  sites  provide  winter  range,  with  resultant  heavy  browsing 
of  Thuja.     Forage  potential  for  domestic  livestock  is  low  in  natural  stands. 

Isolated,  ancient  Thuja  groves  have  special  appeal  for  recreation  and  for  botanical 
studies . 

Construction  and  maintenance  of  campgrounds,  roads,  and  trails  may  be  difficult  and 
may  damage  sites  in  the  ARW  phase,  which  has  high  water  tables  for  at  least  part  of  the 
growing  season. 

Other  studies. — THPL/CLUN  is  very  similar  to  the  Thuja/Paahisttma  h.t.  described 
in  northern  Idaho  by  R.  and  J.  Daubenmire  (1968).     Our  CLUN  phase  is  comparable  to  most 
of  their  habitat  type  except  for  four  of  their  stands  (numbers  23,  49,  117,  and  170), 
which  appear  to  be  similar  to  our  ARNU  phase.     Additionally,  our  THPL/CLUN  h.t.  in 
Montana  includes  a  MEFE  phase  which  is  not  comparable  to  any  of  R.  and  J.  Daubenmire 's 
northern  Idaho  stands.     Bell   (1965)  denoted  Aralia  and  Gymnocarpium  as  indicators  of  a 
major  association  in  the  Tsuga  and  Thuja  forests  of  interior  British  Columbia. 

Thuja  pliaata/Oplopanax  hovridum  h.t. 
(THPL/OPHO;  western  redcedar/devil ' s  club) 

Distribution. — This  minor,  topo-edaphic  habitat  type  was  found  only  in  wet  bottoms 
and  toe-slope  seepage  areas  in  northwestern  Montana.     It  is  usually  confined  to  such 
sites  below  about  4,200  feet;  at  higher  elevations  the  ABLA/OPEO  h.t.  occupies  similar 
sites.    Adjacent  upland  sites  support  the  TSHE/CLUN  h.t. 

Vegetation. --THPL/OPHO  usually  supports  ancient  stands  of  large  trees  with  diverse 
and  luxuriant  undergrowth.     Thuja  and/or  Tsuga  heterophylla  are  the  climax  dominants 
(fig.  29).     Although  Tsuga  was  slightly  more  dominant  in  most  of  the  11  Montana  sample 
stands,  Thuja  is  also  clearly  a  major  climax  component  in  most  stands.     Since  coclimax 
rather  than  monospecific  dominance  is  apparently  the  case,  we  decided  to  adopt  R.  and 
J.  Daubenmire 's  (1968)     Thuja/ Op lopanax^^  terminology  for  the  Montana  version  of  this 
habitat  type.     Four  of  their  sample  stands  from  Montana  were  included  in  our  analyses. 
See  pages  35  and  36  in  R.  and  J.  Daubenmire  (1968)  for  a  detailed  discussion  of  this 
habitat  type. 

Small  amounts  of  Pseudotsuga,  Pioea^  and  Ahies  lasiocarpa  are  found  in  most  stands. 
The  latter  functions  as  a  minor  climax  species  near  the  cold  limits  of  the  habitat 
type.     Fire  seldom  destroys  these  wet-site  stands;  thus,  the  trees  often  attain  large  , 
size  and  great  age. 

Undergrowth  is  dominated  by  OplopanacCj  Athyrium^  and  Gymnocarpium  dryopteris 
superimposed  upon  the  luxuriant  forb  growth  associated  with  Clintonia  uniflora.  Most 
prominant  of  these  forbs  are  Tiarella  trifoliata,  Smilacina  stellata,  Galium  triflorim, 
and  Adenooaulon  hioolor.     Taxus  hrevifoliaj  a  major  dominant  in  the  ABLA/OPEO  h.t.,  is 
only  a  minor  const itutent  of  THPL/OPHO  stands. 

Soil. — Soils  data  were  very  limited  for  this  habitat  type  since  most  of  the  sample 
stands  were  obtained  from  other  studies.     In  the  two  stands  we  sampled,  surface  soils 
were  acidic,  nongravelly  loams  (appendix  D-1).     Ground  surfaces  had  no  bare  soil  or 
rock  exposed.     R.  and  J.  Daubenmire  (1968)  indicated  that  pH  was  within  the  range  of  the 
Tsuga/Pachistima  h.t.    [TSHE/CLUN  h.t .  equivalent  for  Montana). 
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Figure  29. — Thuja  plicata/Oplopanax  horridum  h.t.  on  a  seep-aoveved  north  slope  south 
of  Lihhy  in  northwestern  Montana.     This  site^  at  4^300  feet  in  elev.  has  no  Thuja^ 
and  is  dominated  by  Tsuga  heterophylla  with  small  amount  of  Abies  lasiocarpa. 


Productivity /Management. — Limited  site-index  data  and  ecological  comparison  with 
the  ABLA/OPHO  h.t.  suggest  that  productivity  potential  would  be  high.     However,  inten- 
sive timber  management  is  usually  not  practiced  in  this  habitat  type  for  several 
reasons.    The  habitat  type  covers  a  very  small  area,  and  existing  stands  are  frequently 
ancient  groves  with  high  recreational,  esthetic,  and  botanical  value.  Vegetation 
manipulation  would  require  special  constraints  in  typical  streamside  locations.  High 
water  tables  during  most  of  the  season  and  the  possibility  of  compaction  preclude  use 
of  heavy  equipment.    Road  construction  and  intensive  site  development  would  be  expen- 
sive, and  could  cause  irreparable  damage. 

Forage  production  for  deer  and  elk  is  low  to  moderate  in  typical  old-growth  stands. 
Some  stands  may  be  valuable  for  winter  range.     Forage  potential  for  domestic  livestock 
is  very  low. 

Other  studies. — In  addition  to  the  similar  habitat  type  described  by  R.  and  J. 
Daubenmire  (1968),  Bell  (1965)  recognized  comparable  associations  in  the  Tsuga-Thuja 
forest  of  interior  British  Columbia. 

Tsuga  heterophylla/Clintonia  uniflora  h.t. 
(TSHE/CLUN;  western  hemlock/queencup  beadlily) 

Distribution. — TSHE/CLUN  is  restricted  to  the  extreme  northwestern  portion  of 
Montana  (The  Libby-Thompson  Falls  area),  with  minor  extensions  east  to  Glacier  National 
Park.     It  occupies  areas  having  a  very  moist,  ocean-influenced  climate,  ranging  from 
the  lowest  elevations  in  the  State  (1,822  feet  along  the  Kootenai  River)  up  to  about 
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Figure  5{?.~Tsuga  heterophylla/Clintonia  uniflora  h.t.    rciintonia  phase)  on  a  gentle 
east  exposure  south  of  Libhy  in  northwestern  Montana.     The  stand  contains  the 
following  trees  (in  decreasing  order  of  abundance):    Thuja,  Tsuga  heterophylla, 
Pinus  monticola,  Abies  grandis,  Larix  occidentalis ,  Pseudotsuga,  Picea,  and  Pinus 
contorta. 

4,000  feet.     Sites  are  mostly  in  valley  bottoms,  on  benches,  or  on  cool  exposures.  The 
eastern  outlier  of  this  type  in  Glacier  National  Park  is  apparently  dependent  upon  the 
moderating  climatic  influence  of  Lake  McDonald. 

Vegetation. — Old-growth  stands  are  usually  dominated  jointly  by  Tsuga  and  Thuca. 
Younger  stands  typically  have  a  diverse  mixture  of  six  to  nine  coniferous  species, 
varying  by  phase  of  the  habitat  type  (fig.  30) . 

Undergrowth  throughout  the  habitat  type  is  characterized  by  forbs  Clintonia^  Pyrola 
secunda^  Tiarella  trifoliata,  and  Viola  orhiculata,  and  shrubs  Linnaea  horealiSy 
Paohistima  myrsinites ^  Taxus  brevifolia^  and  Vaccinium  globulare. 

Density  of  undergrowth  in  the  TSHE/CLUN  h.t.  is  markedly  influenced  by  the  develop- 
ment of  the  overstory  canopy.     Following  destruction  of  the  overstory  (e.g.,  through 
clearcutting  or  fire),  early  successional  stages  may  be  brushfields.    As  a  canopy  of 
serai  trees  develops,  the  undergrowth  density  will  gradually  be  reduced.     When  succes- 
sion progresses  to  the  point  where  shade-tolerant  trees  become  dominant  in  the  canopy, 
shading  can  eliminate  many  species  and  reduce  coverage  of  even  the  most  persistent  forbs 
to  just  a  trace. 

Clintonia  uniflora  (CLUN)  phase. --This  is  the  prevalent  phase  of  the  habitat  type 
in  Montana;  it  is  found  on  better  drained  sites.    Larix  occidentalism  Pseudotsuga^ 
Pinus  monticola^  and  Pinus  contorta  have  greater  representation  in  this  phase  than  in 
the  others;  even  Pinus  ponderosa  is  occasionally  found.     Undergrowth  has  much  more 

Vaccinium  globulare  and  Linnaea  borealis  than  in  the  ARW  phase. 
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A  few  old-growth  stands  in  the  CLUN  phase,  mostly  on  southerly  aspects,  had 
Xerophyllym  tenax  well  represented  in  the  undergrowth.     But  the  limited  extent  of  these 
stands  and  the  minor  site  differences  did  not  seem  to  warrant  recognition  of  an 
additional  phase. 

Avalia  nudioaulis  (AFNU)  phase. --This  phase  is  associated  with  wetter  sites, 
generally  bottoms;  Avalia,  Athyriim  fiZix-femlna,  or  Gymnocarpiwn  dryopteris  are  common 
and  are  indicative.    Rubus  parviflovus,  Adenocaulon  bicoloT,  and  Tiavella  tvifoliata 
are  more  abundant  than  in  the  Clintoni-a  phase. 

Soil / Climate . — The  TSHE/CLUN  h.t.  occurred  almost  exclusively  on  noncalcareous 
sedimentary  and  metamorphic  parent  materials  (appendix  D-1) .     Surface  soils  were  acidic 
gravelly  loams  to  silts.     Ground  surfaces  had  virtually  no  rock  or  bare  soil  exposed; 
duff  depth  ranged  from  4  to  7  cm.     Weather  data  from  Heron,  Montana,   (appendix  D-2) 
represent  a  relatively  warm  site  within  this  habitat  type. 

Productivity /Management. — Timber  productivity  is  high  to  very  high,  although  it 
was  difficult  to  find  free-growing,  vigorous  trees  of  serai  species  in  the  old-growth 
stands  sampled.     Site-indexes  for  Larix  and  Pioea  are  some  of  the  highest  attained  for 
these  species  (appendix  E) .     Because  of  moderate  terrain,  accessibility,  and  high 
productivity,  TSHE/CLUN  sites  are  excellent  candidates  for  intensive  timber  management. 
Realizing  this  high  productivity  potential  will  require  selecting  the  best  species, 
controlling  stocking,  and  minimizing  disease  and  insect  losses.     Obtaining  natural 
regeneration  on  burned  or  scarified  clearcuts  of  moderate  size  is  usually  no  problem, 
except  when  brushfields  temporarily  dominate  early  succession.     Planting  and  direct 
seeding  have  a  high  probability  of  success;  these  measures  are  sometimes  necessary 
to  control  species  composition  or  to  compensate  for  lack  of  a  natural  seed  source. 

Forage  production  for  elk  and  deer  is  very  high  during  early  successional  stages, 
and  almost  nonexistent,  except  for  Thuja  saplings,  in  dense,  near-climax  stands.  Lower 
elevation  sites  often  provide  winter  range  for  big  game,  with  resultant  heavy  browsing 
of  Thuja.     Forage  potential  for  domestic  livestock  is  very  low. 

Isolated  ancient  groves  of  Tsuga  and  Thuja  have  high  recreational  and  botanical 
value. 

Intensive  development  may  be  difficult  and  may  damage  the  site  in  the  Avalia  phase, 
which  has  a  high  water  table  for  at  least  part  of  the  growing  season. 

Othev  studies. — It  is  evident  from  the  species  composition  that  TSHE/CLUN  is  essen- 
tially equivalent  to  the  Tsuga/Pachistima  h.t.  described  for  northern  Idaho  by  R.  and 
J.  Daubenmire  (1968).     Concerning  our  AHNU  phase.  Bell   (1965)  also  used  Avalia  and 
Gymnooavpium  to  designate  an  association  within  the  Tsuga  and  Thuja  forests  of  interior 
British  Columbia. 

Abies  lasiocarpa  Series 

Distribution. — The  Abies  lasiooavpa  series  includes  all  forests  potentially  domi- 
nated at  climax  by  Abies  lasiocarpa,  Tsuga  mertensiana,  Pinus  albicaulis,  or  Larix 
lyallii.     As  indicated  in  figure  4,  this  is  the  predominant  series  at  higher  elevations 
in  the  Montana  Rockies.     At  lower  elevations  in  northwestern  Montana  and  in  northern 
Idaho,  it  often  borders  moist  forests  where  shade-tolerant  Abies  grandis.  Thuja  plioata, 
or  Tsuga  heterophylla  are  the  indicated  climax  (fig.  6).     Elsewhere  in  Montana  its 
lower  limits  are  generally  reached  where  slopes  are  not  moist  or  cool  enough  to  support 
Abies  lasiocarpa,  and  it  gives  way  to  the  Picea  or  Pseudotsuga  series.     The  Abies 
lasiocarpa  series  is  much  more  extensive  and  diverse  eastward  in  Montana  than  it  is  in 
northern  Idaho  because  of  more  abundant  high-elevation  terrain  as  well  as  a  climate 
unfavorable  to  its  potential  competitors--4Mes  grandis.  Thuja,  and  Tsuga  heterophylla. 
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Near  its  upper  limits  this  series  forms  the  timberline,  which  is  bordered  above 
by  alpine  tundra.     On  especially  dry,  warm,  windy  exposures  east  of  the  Continental 
Divide,  this  series  sometimes  gives  way  to  subalpine  grassland. 

The  Ahi-es  lasiocavipa  series  is  subdivided  into  three  elevational  categories 
(fig.  4),  reflecting  increasingly  severe  climatic  conditions:     (1)  lower  subalpine 
habitat  types;   (2)  upper  subalpine  habitat  types;  and  (3)  timberline  habitat  types. 
This  terminology  essentially  follows  that  of  Weaver  and  Clements  (1938)  for  western 
North  America  as  shown  graphically  by  Love  (1970). 

Soil/Climate. --Soils  in  the  Abies  lasiocarpa  series  are  derived  from  a  variety  of 
parent  materials  (appendix  D-1).     Relationships  of  habitat  types  to  parent  materials 
are  not  evident  except  that  the  ABLA/CLPS  h.t.  is  generally  restricted  to  calcareous 
substrates.     Surface  soils  are  usually  acidic  to  very  acidic,  and  range  from  gravelly 
sandy  loams  to  silts.     Ground  surfaces  have  little  rock  or  bare  soil  exposed,  except 
in  the  upper  subalpine  and  timberline  habitat  types.     Duff  depth  varies;  although  litter 
production  is  relatively  low,  natural  decomposition  is  slow  and  reduction  of  duff  by 
natural  fire  occurs  infrequently. 

The  progressively  colder,  shorter  growing  season  at  increasing  elevations  within 
the  Abies  lasiooavpa  series  is  illustrated  in  table  5,  which  gives  estimated  climatic 
parameters  for  the  three  subdivisions  of  the  series.     Data  for  specific  sites  are  found 
in  appendix  D-2. 

Five  history. — Lightning-caused  wildfires  have  allowed  Pseudotsuga^  Lavix  oociden- 
taliSj  and  Pinus  oontorta  to  dominate  most  stands  in  the  lower  subalpine  category  of  the 
Abies  lasiocarpa  series.     Fire  is  apparently  more  frequent  and  less  intense  in  the  dry 
habitat  types  like  ABLA/VASC  and  ABLA/XETEj  and  less  frequent  and  more  intense  in  the 
moist  ones  like  ABLA/MEFE,  ABLA/GATR,  and  ABLA/CLUN.     Although  more  lightning  strikes 
may  occur  in  the  upper  subalpine  forests,  cool,  moist  conditions  and  broken,  rocky 
terrain  limit  the  spread  of  fires.     Fires  at  timberline  tend  to  be  even  more  localized, 
although  they  may  prevent  reestablishment  of  trees  for  several  decades  (Arno  1970). 


Table  S . --Estimated  climatic  parameters  for  the  three  subdivisions  of  the  Abies 
lasiocarpa  series  in  Montana 


:      July  mean  : 

Impact  of 

:        Mean  annual 

Subdivision 

:      temperature  : 

summer  frost 

:  precipitation 

Degrees  F 

Inches 

Lower  subalpine  forest 

60  to  64 

Light  to 

20  to  50 

moderate 

Upper  subalpine  forest 

55  to  59 

Severe 

25  to  60 

Timberline 

50  to  54 

Severe 

28  to  60 

Alpine  tundra 

<49 
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LOWER  SUBALPINE  HABITAT  TYPES 


Distribution. — Lower  subalpine  habitat  types  are  those  generally  warm  enough  to 
support  Pseudotsugaj  Lavix  ocaidentaliSi  or  Pinus  montioola.     This  category  of  habitat 
types  covers  about  2,000  feet  of  elevation  on  most  of  the  higher  mountains  in  the  State. 
They  are  even  more  extensive  in  the  Flathead  River  drainage  of  northwestern  Montana, 
where  they  occupy  all  but  the  warmest  exposures  for  about  3,000  feet  vertically  before 
giving  way  to  upper  subalpine  forest  at  6,200  to  6,500  feet.     On  the  driest  mountains 
east  of  the  Continental  Divide  (for  example,  south  of  Dillon,  Bull  Mountain  near 
Whitehall,  and  the  Pryor  Mountains),  lower  subalpine  habitat  types  are  largely 
restricted  to  a  narrow  belt  on  cool  exposures. 

The  majority  of  sites  within  the  Abies  lasioaavpa  series  fall  within  this  lower 
elevation  category,  which  has  15  habitat  types  and  numerous  phases.     The  ABLA/CLUN  and 
ABLA/MEFE  h.t.s^ highly  productive  for  timber  and  water  yields,  are  extensive  in  north- 
western Montana.     The  ABLA/GATR,  ABLA/LIBO  and  ABLA/CACA  h.t.s  might  be  considered  as 
their  nearest  counterparts  in  productivity  south  and  eastward  in  Montana,  but  they  are 
more  restricted  physiographically  to  especially  moist  sites.     ABLA/XETE  is  most  common 
on  drier  uplands  west  of  the  Continental  Divide,  giving  way  to  ABLA/VASC  and  ABLA/VAGL 
on  similar  upland  sites  east  from  the  Divide.     Dry  sites  on  the  east  side--especially 
those  on  limestone  substrates--support  ABLA/AFCO  and  ABLA/CARU ,  or  ABLA/CLPS  under 
extremely  droughty  conditions. 

Vegetation. --Pseudo tsug a  and  Pinus  oontovta  are  major  components  of  serai  stands 
in  the  lower  subalpine  category.     Pioea  is  a  major  component  of  the  moist  habitat  types. 
Our  stand  table  data  support  the  conclusion  drawn  by  R.  and  J.  Daubenmire  (1968)  that 
Pioea  engelmannii  is  generally  a  long-lived  serai  species  rather  than  a  coclimax  in 
Abies  tasiooarpa  stands.    Larix  ooaidentalis  and  locally  Pinus  montioola  are  major 
components  of  stands  in  northwestern  Montana. 

Although  Pseudotsuga  is  a  common  serai  dominant  in  the  lower  subalpine  forests, 
some  habitat  types  or  phases  in  this  group  contain  only  accidentals  of  this  species: 
the  ABLA/CACA  h.t.  occurs  on  sites  apparently  too  wet  for  Pseudotsuga  that  are  commonly 
bordered,  or  surrounded,  by  drier  sites  where  the  species  is  present.     The  ABLA/VASC 
h.t.,  VASC  phase  and  THOC  phase  have  only  accidental,  stunted  individuals  of  Pseudotsuga^ 
but  such  trees  are  frequent  enough  to  indicate  that  these  habitats  are  not  clearly 
beyond  the  species'  cold  limits.     A  few  sites  in  the  ABLA/MEFE  or  TSME/MEFE  h.t.s  may 
not  support  Pseudotsuga^  Larix  ooaidentalis ,  or  Pinus  montioola;  but  in  these  cases 
Luzula  hitchoookii  (and  thus  ABLA/LUHI  h.t.,  MEFE  phase)  serves  as  an  additional 
indicator  of  upper  subalpine  conditions,  making  it  unnecessary  to  rely  solely  upon  the 
absence  of  Pseudotsuga. 

Productivity /Management. — Timber  productivity  ranges  from  low  to  very  high 
(appendix  E) .     With  relatively  high  precipitation  and  snowfall   (appendix  D-2)  the  lower 
subalpine  sites  are  also  important  for  water  production.     Mule  deer,  elk,  and  bear  use 
these  habitat  types  for  summer  range.     Domestic  stock  use  is  rare  west  of  the  Divide, 
except  locally  in  valley  bottom  sites.     East  of  the  Divide,  some  of  the  more  moist 
plateaus  and  areas  of  gentle  terrain  provide  moderate  grazing  opportunities,  especially 
in  early  successional  stages. 

UPPER  SUBALPINE  HABITAT  TYPES 

Distribution. --This  high-elevation  forest  belt  is  found  all  across  the  Montana 
Rockies;  it  covers  approximately  700  feet  of  elevation,  and  it  is  bounded  above  by  the 
timberline  habitats.     As  a  rough  average  this  belt  extends  from  6,500  to  7,200  feet 
in  northwestern  Montana,  7,300  to  8,000  feet  in  west-central  Montana,  and  8,100  to  8,800 
feet  in  southern  Montana.  1 
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Vegetation. --Vl'PpeT  subalpine  forest  habitat  types  include  those  above  the  climatic 
limits  of  Pseudotsugaj  Larix  ooaidentalisj  and  Pinus  montioola.     Stands  from  the 
Continental  Divide  west  characteristically  have  Luzula  hitchoockii  present  in  the 
undergrowth.     In  addition,  except  for  some  northerly  exposures  in  northwestern  Montana, 
stands  throughout  the  State  have  whitebark  pine  well  represented  (canopy  coverage 
greater  than  5  percent). 

Ahies  lasiooarpa  is  the  indicated  climax,  but  its  growth  in  these  habitats  is  quite 
slow,  often  requiring  200  years  to  reach  dominant  stand  height  (60  to  70  feet) . 
Moreover,  since  its  wood  is  weak  and  brittle,  susceptible  to  wind  and  snow  breakage, 
and  to  decay,  these  trees  seldom  live  much  more  than  250  years. 

Pinus  albicaulis  is  often  a  persistent  dominant  serai  species  on  all  but  the  moist 
sites.     It  is  hardier,  longer  lived  (often  surviving  500  to  700  years),  and  more 
drought -tolerant  than  Abies;  it  appears  to  be  intermediate  in  shade  tolerance,  rather 
than  very  intolerant  as  suggested  by  Baker  (1949).     Most  of  the  larger  individuals  of 
Pinus  albicaulis  over  vast  areas  of  the  Northern  Rockies  were  killed  between  1909  and 
1940  by  mountain  pine  beetle  {Dendvootonus  ponderosae)  epidemics  (Arno  1970;  personal 
communication  with  Arthur  Roe,  Forest  Service  retiree,  Missoula,  Montana);  neverthe- 
less Abies  has  not  been  able  to  substantially  replace  Pinus  albioaulis  in  these 
habitat  types. 

Picea  is  longer-lived  than  Abies,  and  functions  as  an  important,  persistent  serai 
component  of  stands  on  moist  sites,  but  only  as  a  minor  serai  component  on  dry  sites. 
Pinus  oontorta  is  a  major  serai  species  in  the  lower  portion  of  the  upper  subalpine  belt. 

Productivity /Management . — The  upper  subalpine  forest  is  highly  productive  for  water 
yield  and  constitutes  a  sizable  proportion  of  the  land  in  Wilderness  and  back-country 
recreation  areas.     It  is  also  important  as  summer  range  for  mule  deer,  elk,  bears,  and 
other  big  game  species.     Domestic  forage  production  is  low  in  these  stands.  Timber 
productivity  is  generally  low  (appendix  E)  and  management  is  frequently  hampered  by 
problems  in  road  construction,  harvesting,  regeneration,  and  site  protection. 

TIMBERLINE  HABITAT  TYPES 

Distribution. — Timberline  habitat  types  form  the  transition  between  contiguous 
forest  and  alpine  tundra.     These  habitat  types  are  relatively  common  in  the  higher 
mountain  ranges  of  the  State,  occurring  primarily  on  rugged  topography  west  of  the 
Continental  Divide,  but  often  on  relatively  broad,  gentle  slopes  east  of  the  Divide. 
Climatic  timberline  habitats  generally  average  about  7,200  to  8,000  feet  elevation  in 
northwestern,  8,000  to  8,800  feet  in  west-central,  and  8,800  to  9,600  feet  in  southern 
Montana.     They  usually  occur  somewhat  higher  on  southerly  exposures  than  on  north- 
facing  slopes,  because  of  warmer  summer  temperatures.     However,  where  the  extremely 
cold-tolerant  Larix  lyallii  {LALY/ABLA  h."t.s)  occupies  north  slopes,  it  may  reach  eleva- 
tions comparable  to  the  limits  of  other  species  on  nearby  southern  aspects. 

Timberline  extends  upward  from  the  limit  of  contiguous  forest   ("forest  line")  to 
the  general  upper  limits  of  krummholz  or  shrub-like  trees  ("scrub  line")   (Arno  1966). 
In  some  areas  this  forest  line  is  hard  to  determine;  a  useful  alternate  indication  is 
that  forest  line  occurs  where  Abies  lasiocarpa  becomes  generally  stunted,  and  is 
usually  not  capable  of  developing  as  a  tall  tree  (50  feet  high)  except  when  growing  up 
through  the  crown  of  a  Picea,  Pinus  albicaulis,  or  Larix  lyallii.     Widely  scattered 
krummholz  known  as  "alpine  scrub"  may  occur  above  timberline  in  the  lower  fringes  of 
the  alpine  tundra  (Arno  1966). 

Vegetation. — Only  four  tree  species  typically  inhabit  Montana  timberlines.  These 
are  Larix  lyallii,  Pinus  albioaulis,  Picea  engelmannii,  and  Abies  lasiocarpa,  listed 
in  order  of  decreasing  vigor  or  cold  tolerance  of  timberline.    Abies  is  noticeably 
stunted,  sometimes  shrub-like,  or  often  with  shrubby  skirts,  and  it  relies  to  a 
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considerable  extent  upon  vegetative  means  (i.e.,  layering  of  lower  branches)  for  suc- 
cessfull  regeneration.     Competition  related  to  tolerance  is  less  evident  than  in 
lower  habitat  types,  and  "climax"  relationships  are  frequently  unclear. 

At  timberline,  trees  take  on  several  life  forms  and  often  grow  in  groups  or 
clusters  with  open  areas  in  between.     Vegetational  communities  often  form  an  intricate 
mosaic.     Because  of  the  especially  complex  and  unusual  ecological  relationships  at 
timberline,  the  three  habitat  types  in  this  group  were  named  only  for  their  tree  com- 
ponents; this  approach  was  used  also  by  R.  and  J.  Daubenmire  (1968). 

We  recognize  that  definite  combinations  of  trees  and  undergrowth  species  are 
recognizable  at  timberline.     These  have  been  delineated  in  detailed  studies  of  timber- 
line  environments,  as  in  Arno  (1970)  and  Weaver  and  Dale  (1974).     However,  in  the 
broader  perspective  of  the  entire  Montana  classification,  it  seems  unwarranted  at  this 
time  to  propose  a  detailed  treatment  of  the  extraordinarily  complex  differences  in 
tree/undergrowth  vegetation  in  timberline  habitats. 

Climate. — In  general,  cold  summer  temperature  appears  to  be  the  most  critical  fac- 
tor responsible  for  timberline  formation  in  Montana  (table  5);  although  some  limits  of 
the  ecologically  diverse  FIAL\\. t.s  are  evidently  controlled  by  other  factors.    Alpine  and 
Arctic  timberlines  throughout  the  Northern  Hemisphere  have  been  found  to  approximately 
coincide  with  the  SO^F  isotherm  for  the  warmest  month  of  the  year  (usually  July)  (Arno 
1966,  1970).     Habitats  having  a  mean  July  temperature  significantly  less  than  50°F 
support  only  tundra. 

Such  temperature-controlled  or  "Climatic"  timberlines  are  the  ones  under  general 
consideration  here.     Locally,  excessive  accumulations  of  snow  (especially  in  north- 
western Montana)  or  extreme  rockiness  and  exposure  to  desiccating  winds  may  cause  an 
apparent  timberline  formation  at  unusually  low  elevations.     However,  such  plant 
communities  are  composed  largely  of  species  characteristic  of  middle  or  lower  eleva- 
tion forests;  thus,  these  areas  are  more  accurately  treated  as  forest-meadow  or  forest- 
grassland  ecotones,  or  snowdrift,  wind-funnel,  or  rock-outcrop  sites.     In  Montana, 
climatic  timberline  sites  are  generally  above  the  cold  limits  of  Pinus  aontorta^  P. 
flexilis,  Pseudotsuga,  Tsuga  mertensiana,  Menziesia  ferruginea^  and  Calcanagvostis 
Tuhesoens. 

Blizzard  conditions  occur  commonly  in  timberline  types  in  all  months  except  July 
and  August.     Even  during  the  brief  growing  season,  winds  of  gale  and  hurricane  velocity 
are  rather  common.     In  the  more  moist  ranges,  snow  accumulations  may  be  so  great  in 
the  PIAL/ABLA  and  LALY/ABLA  h.t.s  that  most  of  the  steeper  slopes  are  subject  to  snow- 
slides  or  avalanche.     Snowdrifts  may  persist  so  late  into  summer  during  some  years  that 
they  retard  plant  growth.     Sites  with  exceptional  wind  exposure  are  swept  free  of  snow 
almost  all  winter;  here,  deep  soil  frost,  winter  and  summer  desiccation,  extensive 
temperature  fluctuations,  and  the  mechanical  damage  caused  by  winds  combine  to  inhibit 
tree  growth. 

Productivity /Management. —limber  li.T\e  habitats  have  high  water  yields  and  provide 
summer  range  for  various  species  of  big  game  and  other  wildlife.     Because  of  their 
high  esthetic  value,  they  are  also  of  considerable  interest  to  outdoor  recreat ionists . 
Forb  and  grass  growth  may  be  luxuriant  in  certain  timberline  areas,  particularly  those 
east  of  the  Continental  Divide  on  better  soils,  notably  those  derived  from  limestone. 
Grazing  pressure  in  these  types  must  be  carefully  dispersed  and  otherwise  controlled, 
however,  because  loss  of  vegetative  cover  makes  them  vulnerable  to  severe  erosion  in 
many  cases.    Vegetative  recovery  following  disturbance  is  very  slow.     Heavy  grazing  by 
sheep  has  caused  long-term  range  deterioration  in  several  timberline  and  alpine  areas 
in  the  Northern  Rockies,  although  timberline  meadows  in  Montana  generally  appear  to  be 
in  better  shape  than  those  in  the  other  Rocky  Mountain  States. 
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Similarly,  the  vegetation  can  support  little  concentrated  use  by  sightseers  or 
campers.  Roads,  ski  facilities,  and  other  developments  are  usually  damaging  to  timber- 
line  ecosystems  unless  designed,  constructed,  and  maintained  with  utmost  care.  The 
scenic  beauty  of  these  environments  is  easily  degraded  also.  Vegetative  healing  of 
scarred  areas  may  require  several  decades,  and  in  some  cases  the  degradation  may  be 
permanent  (Habeck  1972;    Willard  and  Marr  1971;  Klock  1973). 

Tree  growth  and  regeneration  are  extremely  slow  in  these  habitat  types,  which  can 
clearly  be  considered  as  "noncommercial"  forest  land  (appendix  E) . 

LOIVER  SUBALPINE  HABITAT  TYPES 

Abies  lasiooarpa/Oplopanax  horridum  h.t. 
iABLA/OPHO;   subalpine  fir/devil's  club) 

Distribution. — ABLA/OPHO  is  a  rare  but  very  distinctive  habitat  type  found  in 
the  Flathead  and  Kootenai  River  Drainages  of  northwestern  Montana.     It  is  restricted 
to  ravine  bottoms  and  sites  near  streams,  springs,  or  seepage  areas  where  the  water 
table  remains  near  the  surface  all  year  (fig.  31)     Often  it  develops  only  as  narrow 
stringers  covering  no  appreciable  acreage.     Elevations  of  observed  ABLA/OPHO  sites 
range  from  3,900  to  almost  5,000  feet.     Sites  are  similar  to  those  of  the  THPL/OPHO 
h.t.  except  that  they  occur  in  colder  areas. 


Figure  31. — Abies  lasiocarpa/Oplopanax  horridum  h.t.  on  a  valley  bottom  site  on  the  west 
side  of  Glacier  I^ational  Park  at  3^900  feet  elev.     Abies,  Picea,  and  a  few  large 
Larix  occidental is  make  up  the  over story . 
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Vegetation. — Old-growth  stands  are  codominated  by  Ahies  lasiocarpa  and  Picea; 
the  latter  will  evidently  maintain  itself  as  a  minor  climax  component.     Small  amounts 
of  Pseudotsuga,  Lavix  oocidentalis^    and  Pinus  monticola  are  found,  while  Thuja 
and  Tsuga  heterophylla  sometimes  occur  sporadically  as  accidentals.     Fire  often 
skips  these  wet-site  stands;  thus  they  may  support  groves  of  old  and  very  large 
trees    (sample    stands  had  trees  taller  than  150  feet). 

Undergrowth  is  dominated  by  a  shrub  layer  of  Oplopanax  and  Taxus  hvevifoli-a. 
Beneath  this,  forbs  Clintonia  uniflova  and  Tiavella  tvifoliata  and  ferns  Athyviim 
filix-femina  and    Gyrmooarpium  dryopteris  are  usually  well  represented. 

Soil. — Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-1).     Surface  soils  were  very  acidic,  nongravelly  loams.     Ground  surfaces  were  rock 
free  and  no  bare  mineral  soil  was  exposed.     Duff  depths  were  among  the  greatest  recorded 
in  any  habitat  type  (7  to  10  cm) . 

Productivity /Management. — Productivity  potential  for  timber  is  moderate  to  high 
(appendix  E) ,  but  sites  are  generally  not  suitable  for  intensive  timber  production. 
As  in  the  THPL/OPHO  h.t.,  this  habitat  type  occupies  very  small  areas,  often  has  high 
recreational  and  esthetic  values,  and  has  high  water  tables  that  preclude  use  of  heavy 
equipment.     Road  construction,  trails,  and  site  development  problems  can  be  minimized 
by  avoiding  these  sites.     Domestic  grazing  potential  is  very  low  and  little  deer  or 
elk  use  was  observed. 

Other  studies. — A  similar  plant  association  was  described  by  Illingworth  and 
Arlidge  (1960)  for  eastern  British  Columbia,  and  by  Ogilvie  (1962)  for  southwestern 
Alberta. 

Abies  lasiocarpa/Clintonia  uni flora  h.t. 
(ABLA/CLUN  h.t.;  subalpine  fir/queencup  beadliiy) 

Distribution. — ABLA/CLUN  is  a  relatively  moist  and  warm  habitat  type  for  the 
Abies  lasiocarpa  series  (fig.  32).     It  is  extensive  in  the  northwestern  portion  of 
the  State,  especially  in  the  Flathead  River  drainage.     There,  it  occurs  (in  five 
phases)  from  the  lower  mountain  valleys  at  about  3,200  feet  elevation  up  to  5,500  feet, 
and  it  can  be  found  on  all  but  the  driest  south-facing  slopes.     Its  abundance  and 
diversity  is  attested  to  by  the  large  number  (103)  of  ABLA/CLUN  h.t.  stands  sampled  in 
the  course  of  this  study. 

It  is  extensive  on  both  slopes  of  the  Continental  Divide  in  Glacier  National  Park 
and  also  immediately  south  of  the  Park.     Westward,  on  comparable  mountain  slopes  in  the 
Kootenai  River  drainage  (and  in  northern  Idaho),  Pacific  maritime  conifers  {Tsuga^ 
Thuja,  and  Abies  grandis  become  increasingly  common,  and  the  ABLA/CLUN  h.t.  is  more 
restricted  in  its  distribution.     Clintonia  (necessary  for  this  habitat  type)  is  0> 
uncommon  south  or  east  of  Missoula,  and  where  it  does  occur  it  is  largely  restricted 
to  swales  or  along  streams. 

Abies  lasiocarpa  is  the  indicated  climax  throughout  the  habitat  type.     Its  major 
associates  in  serai  stands  are  Picea  engelmannii  (or  hybrids  with  P.  glauca) ,  ^ 
Pseudotsuga,  Larix  occidentalis ,  Pinus  contorta,  and  P.  monticola.     Additionally,  all  ^ 
other  tree  species  native  to  northwestern  Montana  with  the  exception  of  Juniperus 
scopulorum  and  Larix  lyallii  are  sometimes  found  as  minor  stand  components.  g.! 

Diversity  of  the  undergrowth  among  the  five  phases  of  ABLA/CLUN  is  even  more 
marked  than  that  of  the  tree  layer;  however,  a  sizable  number  of  species  are  found 
throughout  all  five  phases.     Clintonia  uniflora  is  indicative  of  this  habitat  type.  ^ 

Adenooaulon  bicolor,  Coptis  occidentalis,  Comus  canadensis,  Disporum  hookeri,  Galium 
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Figure  32. — Abies  lasiocarpa/Clintonia  uniflora  h.t.     fAralia  phase)  on  a  moist  bench 
(3 J  900  feet  elev. )  south  of  Hungry  Horse  Reservoir  in  northwestern  Montana.  Old- 
growth  Larix  occidental  is  and  many-aged  Picea  dominate^  with  younger  Abies 
Lasiocarpa  increasing  in  abundance.     Aralia  is  the  d.ominant  fort. 


triflonorij  and  Tiarella  trifoliata  are  forbs  largely  restricted  to  the  Clintonia 
undergrowth  types  in  northwestern  Montana.     Shrubs    Linnaea  horeatis,  Lonicera 
utahensiSj  Pachistima  myrsinites,  and  Rubus  parviflorus  are  characteristically  found 
throughout  ABLA/CLUN  h.t.,  and  Vaccinium  globulare  is  usually  well  represented.  Forbs 
that  are  rather  widespread  in  other  types  as  well  as  being  present  throughout  ABLA/CLUN 
include  Arnica  latifolia  (usually  well  represented),  Chimaphila  umhellata,  Goodyera 
ohlongifolia,  Osmorhiza  chilensis,  Pyrola  secunda,  Thalictrum  occidentale,  Viola 
orhicutata^  and  Xerophyllim  tenax. 

Clintonia  uniflora  (CLUN)  phase. --This  is  the  most  common  phase,  representing  the 
"middle  ground"  or  average  environmental  conditions  in  the  habitat  type.     It  occurs 
throughout  northwestern  Montana  and  is  most  common  between  4,400  and  5,600  feet, 
extending  somewhat  lower  on  frost-pocket  sites. 

In  the  more  moist  areas  of  northwestern  Montana,  this  phase  can  be  found  on  all  but 
the  driest  exposures.     In  the  drier  areas  and  in  west-central  Montana  it  is  usually 
confined  to  especially  moist  sites,  such  as  canyon  bottoms. 

Major  components  of  sample  stands  are  Abies  lasiocarpa,  Picea,  Pseudotsuga,  Larix 
occidentalism  and  Pinus  contorta,  in  order  of  decreasing  abundance;  other  tree  species 
are  relatively  scarce.    Undergrowth  is  dominated  by  species  described  previously  for 
the  habitat  type. 
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Aralia  nudioaulis  (ARNU)  phase. --This  is  the  moist  and  relatively  warm  phase  of  the 
habitat  type  characteristic  of  bottomland  sites  at  the  lowest  elevations.     It  is  found 
in  bottoms  and  occasionally  toe-slope  seepage  areas  between  3,200  and  4,200  feet 
elevation  in  the  Flathead  River  drainage,  and  at  4,500  to  5,000  feet  in  west-central 
Montana  as  well  as  on  the  east  side  of  Glacier  National  Park. 

The  major  overstory  species  in  the  18  sample  stands  were  Abies  lasiocavpa^  Picea, 
Larix  occidentalism  Pseudotsuga^  and  Pinus  monticola,  in  order  of  decreasing  abundance. 
Betula  papyrifera,  seldom  found  elsewhere  in  conifer  forest  types,  was  present  in  almost 
half  of  the  sample  stands.     The  phase  is  identified  by  Avalia  nudioaulis^  Gymnocavpium 
dryopteriSj  or  Athyrium  filix-femina  being  common.     Other  undergrowth  species  prevalent 
in  this  phase  are:  Comus  stolonifeva,  Taxus  hrevifolia,  Melica  suhulata^  Ovyzopsis 
aspevifolia,  Adenooaulon  hicoloVy  Comus  canadensis ^  Lycopodiwn  annotinum^  and 
L.  complanatum. 

Vaccinium  caespitosum  (VACA)  phase. --This  phase  includes  ABLA/CLUN  habitats 
found  on  relatively  dry,  low-elevation  benchlands.     It  is  a  minor  but  distinctive 
phase  found  on  well-drained,  gravelly  benches  between  about  3,100  and  4,100  feet, 
mostly  in  the  upper  Flathead  Valley.     These  sites  may  also  be  frost  pockets. 

Tree  composition  of  the  100-  to  300-year-old  stands  sampled  is  quite  distinctive, 
especially  for  the  ABLA/CLUN  h.t.    Abies  lasiocarpa  is  obviously  subordinate  in 
coverage  to  both  Pseudotsuga  and  Pinus  contorta.    Abies  is  clearly  the  potential 
climax  dominant,  but  succession  is  relatively  slow.    Apparent  Picea  glauca  X  P. 
engelmannii  hybrids  and  Larix  oocidentalis  are  common  minor  stand  components,  and 
Pinus  ponderosa  is  present  in  almost  half  of  the  stands. 

Undergrowth  also  contrasts  with  that  of  other  phases  of  the  habitat  type. 
Vaccinium  caespitosum  and  Arctostaphylos  uva-uvsi  are  usually  well  represented. 
Linnaea  bovealis  is  a  dominant,  and  is  often  accompanied  by  Xevophyllum  tenax. 
Calamagrostis  rubescens  is  usually  well  represented  and  Shepherdia  canadensis  is 
present  in  most  stands.    Galium  boveale^  Campanula  votundifolia^  and  Covnus 
canadensis  are  often  present,  while  Thalictvum  occidentale  and  Tiarella  trifoliata 
are  usually  absent  (the  latter  are  usually  present  in  other  phases  of  the  ABLA/CLUN 
h.t.).    There  is  some  question  whether  most  of  the  vegetational  features  described 
here  will  persist  in  "climax"  stands.    Coverage  of  Vaccinium  caespitosum  and  some 
other  species  is  reduced  in  undisturbed  old-growth  stands,  but  the  question  of  true 
climax  composition  in  this  case  seems  academic  because  of  the  slow  rate  of  succession. 

Xerophyllum  tenax  (XETE)  phase. --This  phase  occupies  most  of  the  dry,  cold 
portion  of  the  habitat  type.     It  is  found  mostly  on  well-drained  sites  between  4,200 
and  5,600  feet,  commonly  on  south-  or  west-facing  slopes.     It  occurs  frequently  on  the 
Flathead  and  Lolo  National  Forests. 

Abies  lasiocarpa  and  Pseudotsuga  were  major  components  of  the  21  sample  stands, 
followed  in  order  of  decreasing  abundance  by  Picea  engelmannii,  Larix  occidentalism 
and  Pinus  contorta.    Other  conifers  were  of  minor  importance.    Undergrowth  was 
dominated  by  Xerophyllum  in  addition  to  the  species  described  previously  for  the 
habitat  type  as  a  whole. 

Menziesia  ferruginea  (MEFE)  phase. --This  is  the  relatively  cold  and  moist  phase 
of  the  ABLA/CLUN  h.t.,  and  is  transitional  above  to  the  ABLA/MEFE  h.t.     It  is  found 
throughout  northwestern  Montana  between  4,500  and  5,700  feet,  mostly  on  cool  exposures. 
Also,  about  half  of  R.  and  J.  Daubenmire's   (1968)  Abies  lasiocarpa/Pachistima  h.t. 
stands  in  northern  Idaho  seem  equivalent  to  this  phase. 


Abies  lasiocarpa,  Picea  engelmannii,  and  Pseudotsuga  were  the  major  components 
of  sample  stands.    Larix  oocidentalis  and  Pinus  contorta  were  often  minor  components. 
Menziesia  ferruginea  and  Arnica  latifolia  were  usually  abundant  in  the  undergrowth. 
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Soil/Climate . -Soils  in  the  ABLA/CLDB  h.t.  were  derived  from  a  variety  of 
noncalcareous  sedimentary  and  metamorphic  parent  materials  (appendix  D-1).  Surface 
soils  were  moderately  gravelly  throughout,  with  the  lowest  gravel  contents  in  the 
ARW  phase  and  the  highest  in  the  XETE  phase.     Reactions  varied  from  acidic  to  very 
acidic.     Ground  surfaces  had  virtually  no  rock  or  bare  soil  exposure  and  duff  accumula- 
tion varied  from  moderate  to  deep.     The  VACA  phase  had  the  least  duff  (mean  =  3.7  cm), 
while  the  MEEE  and  ARW  phases  averaged  6.2  and  7.1  cm,  respectively. 

Weather  data  from  three  stations  (appendix  D-2)  reflect  the  climate  of  some  of 
the  phases  of  this  habitat  type. 

Productivity /Management . — Timber  productivity  potential  ranges  from  moderate  to 
very  high  in  western  Montana  (appendix  E-3) .     Productivity  is  highest  in  the  ARWU  phase 
and  lowest  in  the  VACA  and  XETE  phases.     In  the  few  stands  slightly  east  of  the  Conti- 
nental Divide  in  Glacier  National  Park  and  the  Lewis  and  Clark  National  Forest,  produc- 
tivity is  low  to  moderate  (appendix  E-4) .     Five  important  serai  species  (Pseudotsuga^ 
Larix  OQoidentalis,  Pinus  oontorta,  Picea,  and  Pinus  monticola)  provide  flexibility  for 
intensive  timber  management  and  opportunities  for  developing  mixed  species  stands. 
Preferred  species  vary  by  phase,  as  shown  in  appendix  B;  silvicultural  prescriptions 
must  be  tempered  by  on-site  evaluation  of  existing  stands.     Except  for  sites  in  the 
VACA  phase  where  it  occurs  naturally,  Pinus  ponderosa  is  near  its  cold  limits  and 
grows  poorly  in  this  habitat  type.     Partial  cutting  of  mature  stands  will  increase 
dominance  of  Abies  lasioaarpa.     Even-aged  management  offers  greater  promise  for  produc- 
tion of  serai  species. 

The  VACA  phase,  with  flat  ground  and  well-drained  soils,  can  tolerate  heavy  equip- 
ment, recreational  use,  and  site  development.    The  ARNU  phase  also  has  gentle  topog- 
raphy, but  soft  ground  and  high  water  tables  during  part  of  the  growing  season  limit 
certain  activities  and  developments.     The  XETE  and  MEFE  phases  (and  part  of  the  CLUN 
phase)  are  typically  on  steeper  ground  at  somewhat  higher  elevations,  but  are  still 
relatively  accessible  with  conventional  logging  techniques. 

Site  preparation  needs  will  probably  be  greatest  in  the  XETE  and  MEFE  phases,  but 
for  different  reasons.     The  XETE  phase  is  the  droughtiest,  and  site  preparation  may  be 
needed  for  prompt  seedling  establishment.     The  MEFE  phase  has  ample  moisture,  but 
brushfield  development  could  be  a  problem,  although  in  some  areas  Menziesia  ferruginea 
apparently  does  not  reinvade  rapidly  following  disturbance.     Additional  observations 
and  data  are  needed  to  define  early  successional  development  in  all  phases. 

All  phases  can  produce  large  quantities  of  browse  for  elk  and  deer  in  early 
successional  stages.     However,  because  of  snow  depths  only  a  few  of  the  lowest  elevation 
sites  (generally  VACA  and  ARW  phases)  provide  opportunity  for  winter  range. 

Watershed  management  values  in  this  habitat  type  are  high — as  they  are  throughout 
most  of  the  Abies  lasiocarpa  series--because  of  high  precipitation  and  snowpack 
accumulation . 

Other  studies. — ABLA/CLUN  is  similar  to  R.  and  J.  Daubenmire's  (1968)  Abies 
lasiooarpa/Pachistima  myrsinites  h.t.    Most  of  their  stands  are  assignable  to  three 
of  the  Montana  phases:    MEFE^  XETE,  and  CLUl^.     We  did  not  extend  their  'Tachistima 
union"  nomenclature  to  our  classification  because  the  undergrowth  species  making  up 
that  union  reach  their  range  limits  independently  going  eastward  into  Montana.  Also, 
these  species  occupy  somewhat  different  sites  in  Montana;  whereas  in  northern  Idaho 
they  apparently  have  similar  environmental  tolerances.     Robert  Steele  and  others  (1975 
preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  report  that  ABLA/CLUN 
h.t.  extends  southward  in  west-central  Idaho  to  the  vicinity  of  McCall.  Clintonia 
uniflora  and  many  of  its  Montana  associates  are  also  components  of  major  forest 
communities  in  western  Washington  and  Oregon  (Franklin  and  Dyrness  1973),  suggesting 
that  similar  associations  occur  there. 
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Ahies  lasiocccr-pa /Galium  tviflomm  h.t. 
{ABLA/GATR;  subalpine  f ir/sweetscented  bedstraw) 

Distvihution. — ABLA/GATR  is  the  warmest  of  the  moist  Ahies  lasiooarpa  habitat 
types  in  most  of  the  Montana  Rockies.     It  is  similar  to  the  ABLA/CLUN  h.t.,  but  lacks 
some  of  the  ABLA/CLUN  moist-site  indicators  that  do  not  extend  eastward  into  the  areas 
having  a  more  continental  climate. 

ABLA/GATR  occurs  on  moist  bottomlands,  benches,  northern  exposures,  and  occasion- 
ally in  seepage  areas  on  southern  exposures.     Stands  are  generally  between  5,000  and 
6,800  feet  elevation,  except  in  the  vicinity  of  the  Gallatin  National  Forest  where  the 
type  is  abundant  between  about  6,300  to  7,700  feet.     In  relatively  dry  mountain  ranges, 
the  habitat  type  is  restricted  to  narrow  stringers  along  stream  bottoms.    Sites  with 
high  water  tables  (surface  water  during  the  first  part  of  the  growing  season)  are  often 
transitional  to  the  ABLA/CACA  h.t.,  and  are  classified  as  the  GATR  phase  of  the  ABLA/ 
CACA  h.t.,  giving  major  emphasis  to  the  dominant  edaphic  factors. 

Vegetation. — Pioea  is  usually  dominant  over  Ahies  in  all  but  the  oldest  stands. 
In  some  Pioea-dominated  old-growth  stands  on  lower  slopes  south  of  Bozeman,  Ahies 
reproduction  is  less  abundant  than  that  of  Pioea.     These  stands  are  transitional  to 
the  PICEA/GATR  h.t.  found  at  lower  elevations,  but  are  nevertheless  classified  as 
ABLA/GATR  h.t.     However,  in  the  vast  majority  of  ABLA/GATR  sites  sampled  in  Montana, 
stand-structure  data  indicate  that  Ahies  is  potentially  the  climax  dominant.  Pseudo- 
tsuga  and  Pinus  oontorta  are  usually  represented  in  serai  communities. 

Dominant  undergrowth  is  variable,  especially  in  serai  stands;  however,  certain 
moist-site  species  are  characteristic.     The  habitat  type  is  indicated  by  the  presence 
of  Galium  triflorum^  Actaea  ruhra  and  Streptopus  amplexifolius.       Since  small  quantities 
of  Galium  sometimes  occur  on  adjacent  drier  slopes  or  on  disturbed  sites,  Galium  alone 
is  not  an  adequate  indicator.     Other  species  generally  restricted  to  this  or  other  moist 
types  (i.e.,  ABLA/CLUN^  ABLA/CACA)  include  Comus  stolonifera^  Angelica  arguta^  Pyrola 
unifloraj  Saxifraga  arguta^  and  Seneaio  triangularis. 

Soil. — Soils  in  the  ABLA/GATR  h.t.  were  derived  from  almost  all  available  parent 
materials  (appendix  D-1).     Surface  soils  were  generally  acidic  nongravelly  loams  to 
silts.     Ground  surfaces  had  virtually  no  bare  soil  or  rock  exposed,  and  duff  depth 
averaged  5.9  cm. 

Productivity /Management . — Timber  productivity  ranges  from  moderate  to  high  west 
of  the  Continental  Divide,  and  is  moderate  eastward  (appendix  E) .    Moderate  to  heavy 
use  (including  browsing  and  bedding)  by  deer  and  elk  is  apparent  in  most  stands.  Moose 
activity  is  also  common  especially  on  valley-bottom  sites.     In  many  areas  this  habitat 
type  provides  the  best  big-game  cover  available.     Browse  production  is  moderate  to 
good,  especially  in  the  earlier  successional  stages.     These  sites  are  often  used  by 
cattle,  primarily  for  resting  or  bedding  after  feeding  on  nearby  meadows  or  grasslands. 
This  type  has  high  water  yield  potential,  and  management  activities  must  be  constrained 
to  protect  streams. 

Other  studies. — In  a  sense  ABLA/GATR  and  ABLA/CLUN  are  similar,  and  would  re- 
present R.  and  J.  Daubenmire's  (1968)  Ahies  lasiooarpa /Pachistima  h.t.;  however, 
ABLA/CLUN  occurs  extensively  on  uplands  in  the  maritime-influence  climatic  zone, 
whereas  its  eastern  counterpart  ABLA/GATR  is  generally  restricted  to  sites  having 
especially  moist  soil.     Cooper  (1975)  described  a  similar  association  in  northwestern 
Wyoming.     Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  described  an  Ahies  lasiooarpa/ Streptopus  amplexifolius  h.t. 
in  central  Idaho  that  is  apparently  related  to  our  ABLA/GATR  h.t.  and  ABLA/CACA  h.t., 
GATR  phase. 
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Abies  lasiooavpa/VaGoini-wn  oaespitosum  h.t. 
(ABLA/VACA;  subalpine  fir/dwarf  huckleberry) 


Distribution. —ABLA/VACA  is  confined  largely  to  well-drained  sites  on  benchlands 
and  in  frosty  basins  where  cold  air  accumulates.     These  sites  are  at  moderate  eleva- 
tions for  the  Abies  lasiooarpa  series--mostly  between  6,000  and  7,200  feet  in  basins 
near  the  Continental  Divide  and  in  the  Little  Belt  Mountains  (fig.  33).     It  was  also 
found  locally  at  5,000  feet  in  a  basin  west  of  Kalispell, 

Vegetation. — Pinus  contorta  was  the  sole  dominant  conifer  in  nearly  all  stands 
sampled,  and  it  was  often  reproducing  better  than  other  conifers.    Abies  lasiooarpa  and 
Picea  were  common  in  the  understory.     Most  stands  were  less  than  150  years  old,  however, 
so  actual  climax  relationships  could  not  be  clearly  established.     Pinus  contorta  could 
at  least  be  considered  the  persistent  serai  dominant  of  this  habitat  type. 

Undergrowth  is  a  rather  dense  mat  of  Vaacinium  oaespitosum^  Vaooinium  sooparium, 
and  Calamagrostis  rubesoens,  often  with  Linnaea  borealis. 

The  retarded  tree  succession  in  this  habitat  type  might  be  due  to  frequent  summer 
frosts  coupled  with  warm  daily  maximum  temperatures;  this  combination  would  damage  new 
growth  of  most  conifers,  but  not  Pinus  contorta      Often,  however,  Picea  and  Abies  are 
able  to  grow  satisfactorily  once  they  become  well  established;  establishment  difficul- 
ties may  include  competition  from  the  undergrowth  and  lack  of  seed  source,  as  well  as 


Figure  33. — Abies  lasiocarpa/Vaccinium  caespitosum  h.t.  on  benchtand  (6,400  feet  elev.) 
in  the  Little  Belt  Mountains  of  central  Montana.     Pinus  contorta  dominates  the 
overstory;  regeneration  is  P.  contorta,  Abies  lasiocarpa,  and  Pseudotsuga.  Cala- 
magrostis rubescens  and  Vaccinium  caespitosum  are  the  principal  undergrowth  species. 
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frost  damage.     The  scarcity  o£  the  frost-susceptible  Vacainivim  gtohulave  in  this 
habitat  ty^e  seems  significant  also.    ABLA/VASC,  ABLA/XETE,  or  ABLA/VAGL  is  usually 
found  on  adjacent  upland  slopes,  and  the  ABLA/CACA  h.t.,  VACA  phase  occurs  on  adjacent 
sites  with  high  water  tables. 

Soil. — Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-1).     Surface  soils  were  gravelly  and  nongravelly  sandy  loams  to  silts  with  acidic 
to  very  acidic  reactions  (mean  pH  5.0).     Ground  surfaces  had  virtually  no  bare  soil  or 
rock  exposed;  duff  depth  averaged  4.8  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4),  and 
Pinus  oontovta  appears  to  be  the  only  species  well  suited  for  management.  Pinus 
Qontovta  has  mostly  nonserot inous  cones  in  this  habitat  type,  and  natural  seedling 
establishment  seems  to  occur  periodically  even  without  disturbance.     Gentle  terrain 
and  stable  soil  conditions  are  favorable  for  timber  management.     Some  mechanical 
scarification  is  desirable  to  prevent  a  mat  of  Catamagvostis  vuhescens  from  retarding 
reproduction . 

Intensive  recreational  sites,  such  as  campgrounds  and  picnic  areas,  are  often  lo- 
cated in  this  habitat  type.     Observations  made  in  campgrounds  indicate  that  VaQcinium 
oaespitosim  usually  increases  its  coverage  under  moderate  disturbance,  while  its 
associate  V.  soopavium  dies  out.     However,  heavy  foot  traffic,  not  directed  or  regulated 
by  paths  and  barriers,  will  soon  destroy  most  of  the  V.  caespitosum  also. 

Light  to  moderate  use  by  moose,  elk,  and  deer  is  evident.     Cattle  use  also  occurs 
in  some  areas,  although  forage  potentials  for  grazing  are  generally  low. 

Other  studies.  —  In  frosty  basins  of  central  Idaho,  Robert  Steele  and  others 
(1975  preliminary  draft,  USDA  Forest  Service,   Intermountain  Station)  described  an 
ABLA/VACA  h.t.  dominated  by  "stable  communities  of  Pinus  oontorta."     In  most  stands  they 
found  only  scattered  and  often  stunted  Picea  and  Ahies  beneath  the  Pinus  oontorta, 
along  with  numerous  seedlings  of  the  latter.     This  situation  is  more  extreme  than  that 
found  in  Montana  stands.    ABLA/VACA  has  evidently  not  been  described  in  other  areas,  I 
although  Ogilvie's  (1962)  Picea-Ahies/Calamagrostis  type  appears  similar.  "f 

Ahies  lasiooarpa/Calamagrostis  canadensis  h.t. 
{ABLA/CACA;  subalpine  f ir/bluej oint ) 

Distribution. — ABLA/CACA  is  the  major  forest  habitat  type  on  wet  sites  at  rela- 
tively high  elevations  (mostly  6,000  to  7,500  feet  in  west-central  Montana  and  7,000 
to  8,500  feet  east  of  the  Continental  Divide)  in  Montana,  except  in  the  northwestern 
part  of  the  State.     It  is  widely  distributed  in  high  mountains  near  and  east  of  the 
Continental  Divide,  but  is  often  confined  to  small  areas  because  it  is  restricted  to 
poorly  drained  sites  that  have  surface  water  during  late  spring  and  early  summer  (fig. 
34).     These  sites  often  border  streams,  adjoin  wet  meadows  (dominated  by  Carex  and 
Juncus)  supporting  only  occasional  trees,  or  occur  as  swales  at  the  drainage  head- 
waters.   Adjacent  better  drained  sites  often  support  the  ABLA/VASC  and  ABLA/MEFE 
h.t.s.     Sometimes  ABLA/CACA  occurs  on  mountainslope  seep  areas.     Herbert  Holdorf  W 
(soil  scientist,  Lewis  and  Clark  National  Forest,  Great  Falls,  Montana)  has  found 
it  to  be  locally  extensive  on  sites  underlain  by  a  clay  pan. 

Vegetation. — Because  of  the  cool,  wet  conditions  the  tree  flora  is  relatively 
simple.     Picea  engelmannii  is  usually  the  dominant  species  in  old-growth  stands,  and 
it  may  persist  as  a  minor  climax  or  coclimax  with  Ahies  lasiocarpa,     Pinus  contorta 
is  a  major  serai  dominant  in  many  younger  stands.     The  upper  limits  of  the  habitat  '\ 
type  occasionally  extend  into  the  upper  subalpine  zone  in  protected  basins.  Pinus 
alhicaulis  may  be  well  represented  in  these  situations,  but  it  is  most  commonly  found 
on  hummocks  or  drier  sites  within  the  stand. 
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F-lguve  34. — Abies  lasiocarpa/Calamagrostis  canadensis  h.t.     rCalamagrostis  phase  at 
83IOO  feet  elev.  on  a  seep-coveved  slope  in  the  Beaverhead  Range  of  southwestern 
Montana.     The  overstory  is  dominated  by  large  Picea  and  smaller  Abies  lasiocarpa. 
The  luxuriant  undergrowth  has  Veratrum  viride,  Senecio  triangularis,  Calamagrost is 
canadensis,  and  Ledum. 


Wet -site  graminoids  and  forbs  and  Ledum  glandulosum  characteristically  dominate 
the  undergrowth,     Calamagrostis  canadensis  and  Seneeio  triangularis  are  usually  well- 
represented  in  the  undergrowth.     Yacoiniwn  saoparium  is  abundant  on  drier  hummocks, 
such  as  around  the  bases  of  large  trees;  Vaocinium  caespitosum  is  prominent  in  one 
phase  of  the  habitat  type.     Dwarf  shrubs  Kalmia  polifolia  and  Gaultheria  humifusa  are 
sometimes  present.     Dodeoatheon  jeffreyi,  Ligusticum  tenuifolium^  L.  oanhyi^  Streptopus 
amplexifolius ,  Veratrum  viride,  and  Trollius  laxus  are  also  characteristic  of  the 
ABLA/CACA  h.t. 

Calamagrostis  canadensis  (CACA)  phase. --This  is  the  commonest  phase,  representing 
the  high-elevation  conditions  described  above  for  the  habitat  type  in  general. 

Galium  triflorum  (GATE)  phase. --This  phase  occurs  near  the  lower  elevational 
limits  of  the  habitat  type,  where  it  is  transitional  to  warmer  habitat  types  below, 
such  as  ABLA/GATR  or  PICEA/EQAR-     Sample  stands  ranged  from  5,800  feet  in  the  Bitter- 
root  Valley  to  7,400  feet  in  south-central  Montana.     Fioea,  Abies  lasiocarpa,  and 
occasionally  Pinus  contorta  constituted  the  tree  flora  of  sample  stands.  Calamagrostis 
canadensis  was  accompanied  in  the  undergrowth  by  Galium  triflorum  and  Ribes  lacustre, 
sometimes  along  with  Actaea  rubra  and  Linnaea  borealis ,  indicating  a  milder  climate. 

Vaocinium  caespitosum  (VACA)  phase. --This  phase  is  also  associated  with  the  lower 
elevations  of  the  habitat  type,  where  it  is  often  transitional  to  the  ABLA/VACA  h.t. 
on  drier  ground.     A  mosaic  of  Coj-ex  wet  meadows,  ABLA/CACA  h.t.,  VACA  phase,  and 
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ABLA/VACA  h.t.  sometimes  develops  in  flat  basins  where  water-table  depth  is  variable. 
This  condition  results  from  varying  depth  to  an  impermeable  layer.     Elevations  of 
sample  stands  were  about  5,000  feet  in  the  Flathead  Valley  northwest  of  Kalispell  and 
7,000  to  7,400  feet  in  southwestern  and  central  Montana.     This  phase  contrasted  with 
the  others  in  having  Pinus  aontorta  as  the  dominant  component  of  sample  stands,  while 
Pioea  and  Ahies  are  only  minor  components.     Undergrowth  is  distinguished  by  Vaociniim 
caespitosum  being  associated  with  Calamagrostis  canadensis.     Ledum  and  Linnaea  hoveaZis 
were  present  in  more  than  half  of  the  sample  stands. 

Soil /Climate.  —Soils  in  the  ABLA/CACA  h.t.  were  derived  from  a  variety  of  noncal- 
careous  parent  materials  (appendix  D-1).     Moist  surface  soils  were  acidic  to  very 
acidic  sandy  loams  to  silts.     Most  were  nongravelly.     Ground  surfaces  had  little  bare 
soil  or  rock  exposed.     Duff  accumulations  were  extremely  variable,  ranging  from  almost 
none  (in  stream  bottom  sites  subject  to  flooding)  to  depths  of  10  to  15  cm  in  seepage 
or  depression  areas. 

Climatic  conditions  for  the  ABLA/CACA  h.t.  are  probably  similar  to  those  for 
ABLA/VASC  (appendix  D-2) ,  except  that  the  former  probably  has  higher  relative  humidities 
and  slightly  cooler  temperatures. 

Five  history. — ABLA/CACA  sites  are  apparently  skipped  by  some  of  the  lightning  fires 
that  burn  the  adjacent  upland  forest;  but  the  abundance  of  Pinus  Qontovta  in  sample 
stands  suggests  that  occasional  hot  fires  occur,  probably  during  late-summer  droughts. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E) .     The  CACA 
phase  appears  to  have  lower  productivity  than  the  other  phases.     Picea  (attaining  maxi- 
mum heights  of  90  to  120  feet  in  most  stands)  and  Pinus  contorta  offer  greatest  poten- 
tial for  timber  management.     However,  choice  of  cutting  methods  is  largely  restricted 
to  clearcutting  because  of  severe  windthrow  hazards  associated  with  partial  cutting  on 
high-water-table  sites.     In  narrow  stringers  along  watercourses,  light  selection  cutting 
(removing  less  than  30  percent  of  the  basal  area)  can  sometimes  be  done  with  little 
damage  to  the  site  or  stand.     Heavy  equipment  should  not  be  used  in  the  spring  and 
early  summer  when  water  tables  are  highest. 

Moderate  summer  use  by  deer  and  often  by  elk  was  evident  in  most  sample  stands  in 
the  CACA  and  VACA  phases.     Relatively  heavy  use  by  moose  was  noted  in  each  of  the  GATR 
phase  stands  sampled.    Domestic  grazing  values  may  be  relatively  high  in  early  succes- 
sional  stages.    However,  cattle  may  churn  the  wet  soils  by  trampling  and  severely  limit 
conifer  seedling  establishment.     Sites  are  poorly  suited  for  roads,  trails,  or  other 
developments.     Protection  of  water  resources  is  a  major  consideration  in  any  management 
activity  in  this  habitat  type. 

Other  studies. — The  1974  review  draft  of  our  Montana  classification  treated  the 
current  GATR  and  VACA  phases  as  CACA  phases  of  the  ABLA/GATR  and  ABLA/VACA  h.t.s; 
the  change  places  primary  importance  on  Calamagrostis  canadensis  and  its  associates 
as  indicators  of  seasonally  water- saturated  sites. 

Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Inter- 
mountain  Station)  have  used  a  more  restrictive  definition  for  ABLA/CACA  in  central  Idaho, 
where  it  is  accompanied  by  several  other  high-elevation  wet  types  covering  extensive 
areas.     Cooper  (1975)  also  described  an  ABLA/CACA  h.t.  in  northwestern  Wyoming. 

Ahies  lasiocarpa/ Linnaea  horealis  h.t. 
{ABLA/LIBO;  subalpine  fir/twinf lower) 

Distribution. — ABLA/LIBO  is  associated  with  relatively  moist,  north-facing  slopes 
and  benches  mostly  at  elevations  of  5,000  to  7,000  feet,  which  are  moderate  for  the 
Ahies  lasiocarpa  series.     It  occurs  rather  commonly  throughout  the  Montana  Rockies. 
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Vegetation. — Serai  stands  are  usually  dominated  by  Pseudotsuga,  Pinus  oontorta^ 
and/or  Picea.     Undergrowth  varies  considerably  by  phase  of  the  habitat  type.  Neverthe- 
less, shrubs  Linnaea  hovedtis ^  Loniceva  utahensis ^  Vacciniwn  gtobutare,  and  herbs 
Calamagrostis  rubescens ,  Armica  latifolia,  and  Pyrola  seounda  occur  throughout  the  type. 

Linnaea  hovealis  (LIBO)  phase. --This  phase  was  sampled  in  the  vicinities  of  the 
Lolo,  Bitterroot,  Lewis  and  Clark,  and  Gallatin  National  Forests.     It  was  largely  re- 
stricted to  north-facing  slopes  between  5,000  and  6,500  feet  elevation,  except  on  the 
Gallatin  where  it  was  found  near  7,500  feet.     Pseudotsuga,  Pinus  oontorta^  and  Picea^ 
(in  order  of  decreasing  abundance)  were  the  major  dominants  in  sample  stands,  along 
with  Abies  lasiooarpa.     Pinus  ponderosa  and  Larix  occidentalis  were  major  components  of 
some  serai  stands  in  the  Lolo  and  Bitterroot  National  Forests.     Undergrowth  is  as 
described  for  the  type  with  the  frequent  addition  of  AmeZanchiev  alnifolia  and  Rubus 
parviflorus .     Widely  scattered  individuals  of  either  Galium  triftorum  or  Aotaea  rubra 
are  sometimes  found,  but  this  does  not  qualify  the  stand  for  inclusion  in  the  more 
moist  ABLA/GATR  h.t. 

Xerophyllum  tenax  (XETE)  phase. --This  phase  was  found  only  in  the  vicinities  of 
the  Flathead,  Lolo,  and  Bitterroot  National  Forests,  where  it  was  occasional  on  all 
aspects  between  4,500  and  6,000  feet.     It  gives  way  to  the  ABLA/XETE  h.t.,  VAGL  phase 
on  drier  sites,  and  to  ABLA/GATR  or  ABLA/CLUN  on  more  moist  ones.     Major  associates  of 
Abies  in  serai  stands  are  (in  order  of  decreasing  abundance)  Pseudotsuga^  Pinus  contorta, 
Larix  occidentalism  and  Picea.     Xerophyllum  and  Vacciniwn  globulare  form  the  dominant 
undergrowth  in  this  phase,  and  are  often  accompanied  by  Amelanchier  alnifolia,  Pachis- 
tima  myrsinites ,  Rubus  parviflorus ,  and  Vacciniwn  scopariwn  in  addition  to  the 
characteristic  typal  species. 

Vacciniwn  scopariwn  (VASC)  phase. --This  phase  was  found  commonly  on  the  Deerlodge 
and  Beaverhead  National  Forests  and  in  the  Little  Belt  Mountains,  where  it  was  associ- 
ated with  gentle  north  slopes  and  benches  between  6,300  and  7,300  feet.     Like  the 
ABLA/VASC  and  ABLA/VAGL  h.t.s.  that  it  adjoins  on  drier  sites,  it  is  usually  dominated 
by  serai  stands  of  Pinus  contorta.     Picea  and  Pseudotsuga  are  minor  components  of  most 
stands.    A  layer  of  Vacciniwn  scoparium,  which  has  Linnaea  and  Calamagrostis  rubescens 
growing  with  it,  dominates  the  undergrowth.     Vacciniwn  globulare  may  be  present,  but 
is  seldom  a  major  component  of  the  undergrowth.     Tom  Lawrence,  Kootenai  National  Forest, 
has  also  found  this  phase  to  be  common  between  4,600  and  5,300  feet  on  gentle  slopes  in 
the  relatively  dry  mountains  south  and  west  of  Eureka  in  northwestern  Montana.  Serai 
stands  there  are  dominated  mostly  by  Larix  occidentalis  and  Pinus  contorta  with  lesser 
amounts  of  Picea  and  Pseudotsuga, 

Soil. --Our  stands  were  on  a  variety  of  parent  materials  (appendix  D-1) .  These 
were  noncalcareous  except  for  several  stands  in  the  LIBO  phase.     Surface  soils  in  the 
LIBO  phase  were  gravelly  loams  to  silts  with  neutral  to  acidic  reaction.     Surface  soils 
in  the  VASC  phase  were  similar  except  for  finer  textures  and  greater  acidity.  Sur- 
face soils  in  the  XETE  phase  were  gravelly  to  very  gravelly  sandy  loams  to  silts  with 
acidic  reactions.     Ground  surfaces  generally  had  very  little  bare  soil  or  rock  exposed 
and  moderate  duff  depths. 

Productivity /Management. — Timber  productivity  ranges  from  low  to  high  (appendix 
E) .     The  LIBO  and  XETE  phases  appear  to  have  the  highest  productivity;  the  VASC  phase 
the  lowest.     Since  ABLA/LIBO  sites  are  generally  located  on  well -drained  uplands, 
they  provide  good  opportunities  for  timber  management,     Our  observations  suggest  that 
Pseudotsuga  may  often  be  frost -damaged  when  planted  in  the  VASC  phase.     Value  for 
domestic  grazing  is  low.     Light  or  sometimes  moderate  spring  to  fall  use  by  deer  and 
elk  was  evident  in  the  sample  stands;  browse  is  limited,  but  stands  provide  good  cover 
for  big  game.     Water  yield  is  moderately  high, 

Other  studies. — Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  described  a  comparable  ABLA/LIBO  h.t.  in  central  Idaho, 
and  Cooper  (1975)  reported  the  type  in  the  northwestern  portion  of  Yellowstone  National 
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Park,  but  nowhere  else  in  northwestern  Wyoming.     In  northern  Idaho,  R.  and  J.  Dauben- 
mire  (1968)  found  Linnaea  to  be  almost  constantly   associated  with  their  ^^Pachistima 
union."    In  Montana  various  members  of  that  union  reach  their  eastern  range  limits: 
Clintonia  drops  out  in  northwestern  Montana,  and  farther  east  the  depauperate 
"Paehistima  union"  is  represented  by  the  ABLA/GATR  h.t.   (on  very  moist  sites)  and  by 
the  ABLA/LIBO  h.t.    (on  moist,  but  better  drained  sites). 

Ah-ies  lasioaavpa/Menziesia  fevumgina  h.t. 
(ABLA/MEFE;  subalpine  f ir/menziesia) 

Distribution. — ABLA/MEFE  is  an  abundant  habitat  type  in  the  moist,  higher  elevation 
forests  of  western  Montana  (fig.  35) .     It  extends  eastward  slightly  beyond  the  Contin- 
ental Divide,  and  includes  an  isolated  population  near  Hebgen  Lake  in  the  Madison 
Range.    Menziesia's  distribution  in  the  northern  Rockies  generally  coincides  with  the 
area  having  a  maritime  climatic  influence. 

In  northwestern  Montana  ABLA/MEFE  generally  occurs  on  all  cool  exposures  between 
about  5,300  and  6,500  feet.     It  is  restricted  to  the  coolest,  most  sheltered  slopes  on 
the  Bitterroot  National  Forest,  but  it  is  common  there  between  5,500  and  7,200  feet. 
In  southwestern  Montana,  including  the  isolated  occurrence  near  Hebgen  Lake,  it  is 
restricted  to  cool,  sheltered  slopes  between  6,700  and  7,500  feet.     In  northwestern 
Montana  ABLA/MEFE  is  usually  bordered  below  by  ABLA/CLUN  h.t.,  MEFE  phase.  Elsewhere 
it  typically  gives  way  below  to  ABLA/LIBO  h.t.    Usually  at  higher  elevations  it  adjoins 


Figure  35. — Abies  lasiocarpa/Menziesia  ferruginea  h.t.  on  a  steep  north-facing  slope 
(6j300  feet  elev . )  north  of  Eungry  Horse  Reservoir  in  northwestern  Montana.  The 
overstory  is  dominated  by  Abies  lasiocarpa  and  Picea;  Menziesia  dominates  the  ^ 
undergrowth.  * 
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ABLA/LUEI  h.t.,  MEFE  phase.     Approaching  drier  exposures  it  usually  merges  with  ABLA/ 
XETE  h.t.;  occasionally  the  transition  forms  a  conspicuous  zone  having  scattered 
Menziesia  shrubs.     At  the  edge  of  very  wet  sites  ABLA/MEFE  usually  gives  way  to  marsh 
or  bog  vegetation  or  to  ABLA/CACA  h.t. 

Vegetation. — Ahies  lasiooavpa  is  usually  the  most  abundant  conifer  in  old-growth 
stands;  however,  large  individuals  of  Pioea  engelMannii  are  often  more  conspicuous. 
Pinus  contorta  and  frequently  Pseudotsuga  are  the  other  common  stand  components. 
Lavix  occidentdlis  is  often  a  serai  component  of  stands  in  northwestern  Montana. 

Menziesia  forms  a  patchy  or  dense  layer  usually  4  to  6  feet  tall,  often  accompanied 
by  Alnus  sinuata.     Beneath  these  shrubs,  Vaaoinium  gtobulare,  V.   saoparium^  Xerophytlum 
tenax,  and  Avnioa  latifolia  are  usually  well  represented.    Pyrola  secunda^  Viola 
ovhiculata,  and  a  few  other  scattered  forest  herbs  are  also  characteristically  present. 

In  southwestern  Montana,  Menziesia  is  often  only  3  to  4  feet  tall,  with  obvious 
frost  damage  to  the  tallest  shoots,  presumably  because  of  inadequate  snowpack 
protection  during  subzero  winter  temperatures. 

Soil/Climate. — Soils  in  the  ABLA/MEFE  h.t.  were  derived  from  a  variety  of  noncal- 
careous  parent  materials  (appendix  D-1).     Surface  soils  were  gravelly  (28  percent) 
loams  to  silts  with  very  acidic  to  acidic  reactions  (mean  pH  4.9).     Ground  surfaces 
had  almost  no  bare  soil  or  rock  exposed;  duff  depth  averaged  4.7  cm. 

Weather  data  from  Burke,   Idaho  (appendix  D-2)  should  approximate  climatic  conditions 
in  ABLA/MEFE  h.t.s  in  northwestern  Montana. 

Pvoduotivity /Management . — Timber  productivity  is  moderate  to  high  (appendix  E) . 
with  several  commercial  species  well  adapted  to  these  sites  (appendix  B) .  However, 
intensive  management  for  timber  production  presents  some  major  problems.  Partial 
cutting  leads  to  an  increase  in  the  shade-tolerant  Ahies  lasiocarpa  or  to  a 
lack  of  regeneration  under  the  dense  Menziesia  fevvuginea  and  Alnus  sinuata  under- 
growth.    Clearcutting  is  recommmended  to  establish  vigorous  second-growth  stands  of 
serai  species.     Site  preparation  is  essential  and  can  be  accomplished  by  dozer 
scarification  on  gentler  slopes.     However,  on  steep  slopes  prescribed  burning  is  the 
only  feasible  method.    Unfortunately,  fuels  on  these  slopes  remain  moist,  leaving 
only  a  brief  period  in  certain  years  when  successful  burning  can  be  accomplished. 
The  silvicultural  recommendations  of  Roe  and  DeJarnette  (1965)  and  Boyd  and  Deitschman 
(1969)  are  probably  applicable  to  this  habitat  type  as  well  as  TSME/MEFE. 

Watershed  value  is  high;  maintaining  or  improving  water  yields  by  regulating 
flows  should  be  considered  in  any  management  actions.     Elk  often  make  extensive 
use  of  this  habitat  type  for  both  cover  and  forage  during  the  summer  and  fall.  There 
is  no  potential  for  domestic  grazing.     Recreational  use  is  severely  limited  by  dense 
undergrowth  and  steep  slopes. 

Other  studies . --R.  and  J.  Daubenmire  (1968)  described  an  Abies  lasiocarpa/ 
Menziesia  ferruginea  h.t.  in  northern  Idaho  and  eastern  Washington  that  predominates 
on  cool  aspects  at  higher  elevations.     Three  of  their  stands  (numbers  134,  137,  and 
159)  appear  comparable  to  our  ABLA/MEFE  h.t.     The  remainder  of  their  stands  are 
evidently  similar  to  our  ABLA/LUEI  h.t.,  MEFE  phase.     Robert  Steele  and  others  (1975 
preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  have  found  ABLA/MEFE 
h.t.  extending  southward  into  west -central  Idaho.     Ogilvie  (1962)  described  a  simi- 
lar habitat  type  occurring  between  about  5,000  and  5,800  feet  in  southwestern  Alberta; 
he  found  the  soils  to  be  highly  podzolized,  strongly  leached,  and  very  acidic. 
Franklin  and  Dyrness  (1973)  discuss  an  Ahies  amahilis /Menziesia  association  found 
on  high,  cool  exposures  in  the  Cascade  Mountains  of  Oregon  and  Washington. 
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Tsuga  mevtens-iana/Menziesia  fevruginea  h.t. 
{TSME/MEFE;  mountain  hemlock/menziesia) 

Distribution. — This  habitat  type  is  distinguished  from  ABLA/MEFE  by  the  presence 
of  successfully  reproducing  Tsuga  mertensiana.     TSME/MEFE  is  associated  with  mountain 
climates  having  an  especially  strong  oceanic  influence;  it  is  restricted  to  the 
border  region  of  northwestern  Montana  between  Lolo  Pass  and  Libby,  where  it  is  found 
at  between  5,400  and  6,400  feet.    Many  of  our  Tsuga  mevtensiana  sample  stands  came 
from  Habeck  (1967).     Along  the  Montana- Idaho  Divide  west  of  St.  Regis,  this  habitat 
type  gives  way  to  TSME/LUHI  h.t.,  MEFE  phase  above  about  6,000  feet,  whereas  on  the 
next  mountain  range  east  (presumably  not  having  such  an  extremely  heavy  snowfall)  it 
extends  higher.     It  is  bordered  on  dry  exposures  by  the  TSME/XETE  or  ABLA/XETE 
h.t.s,  and  at  lower  elevations  by  the  ABLA/CLUN  h.t.,  MEFE  phase. 

Vegetation. --Tsuga  may  be  either  the  climax  dominant  or  a  coclimax  with  Ahies 
tasiocavpa.     Sample  stands  were  dominated  by  Tsuga  and  Ahies  with  only  small  amounts 
of  Ficea  eng elmannii ,  Lavix  oacidentalis ^  Pinus  montioola^  and  Pseudotsuga  menziesii  (in 
order  of  decreasing  abundance).     Undergrowth  is  similar  to  that  of  the  ABLA/MEFE  h.t. 

Soil. — Soils  appear  similar  to  those  of  the  ABLA/MEFE  h.t.    (appendix  D-1) . 

Productivity /Management. — This  is  similar  to  that  for  ABLA/MEFE  except  that  serai 
conifers  are  often  only  minor  components  of  natural  stands. 

Other  studies . --i:\\is  habitat  type  has  been  described  in  northern  Idaho  by  R.  and 
J.  Daubenmire  (1968),  where  it  is  apparently  more  extensive.     Three  of  their  sample 
stands  (numbers  12,  63,  and  132)  appear  comparable  to  our  TSME/MEFE  h.t.   in  Montana. 
The  remainder  of  their  stands  are  evidently  similar  to  our  TSME/LUHI  h.t.,  MEFE  phase. 

Abies  lasiooarpa/Xerophyllum  tenax  h.t. 
{ABLA/XETE;  subalpine  f ir/beargrass) 

Distribution. — ABLA/XETE  makes  up  a  major  portion  of  the  Abies  lasiocarpa 
series  west  of  the  Continental  Divide  in  Montana,  where  it  is  usually  associated  with 
steep,  dry  exposures  between  5,200  and  7,000  feet  elevation.     The  eastern  limits  of 
Xer ophy Hum  tenax  SiTe  generally  correlated  with  fringes  of  the  maritime  climatic  in- 
fluence.   An  isolated  occurrence  of  Xerophyllum  (and  ABLA/XETE  h.t.)  far  beyond  its 
normal  limits  was  noted  in  the  vicinity  of  Elephanthead  Peak,  southeast  of  Livingston. 

Vegetation. — Abies  lasiocarpa  is  the  indicated  climax  species  and  Picea  is  a 
minor  component  of  most  stands.    Pinus  contorta  is  a  serai  dominant  throughout  the 
type,  but  Pseudotsuga' s  role  varies  by  phase.    Pinus  albioaulis  is  a  minor  component 
in  many  stands . 

In  addition  to  Xerophyllum  tenaXj,  undergrowth  species  occurring  through  the 
habitat  type  include  Vaccinium  scoparium,  Calamagrostis  rubescens,  Carex  geyeri^ 
Arnica  latifolia,  and  Pyrola  secunda. 

Vaccinum  globulare  (VAGL)  phase. --This  phase  is  abundant  on  relatively  dry  slopes 
and  ridges  between  5,000  and  6,300  feet  in  northwestern  and  west-central  Montana. 
Elevations  are  somewhat  higher  near  the  southern  and  eastern  limits  (fig.  36).  It 
typically  merges  with  ABLA/MEFE  on  moist  exposures;  with  ABLA/LUHI  h.t.,  VASC  phase 
at  higher  elevations;  and  with  PSME/VAGL  h.t.,  XETE  phase  on  drier  and  warmer  sites. 

Pseudotsuga  and  Pinus  contorta  typically  dominate  serai  stands,  with  Larix 
occidentalis  and  Pinus  monticola  present  in  lesser  amounts.    Picea  engelmannii  is 
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Figure  36. — Vaccinium  globulare  p/2ase  TABLA/XETE  h.t.)  on  a  south- facing  slope  (at  an 
unusually  high   elevation  of  8,100  feet)  in  the  Beaverhead  Range  of  soufhwestem 
Montana.     Older  Picea  and  all-aged  Abies  lasiocarpa  make  up  the  over  story  of  this 
250-year-old  stand.     Xerophyllum  and  Vaccinium  g lobular e  are  the  principal  under- 
growth species. 

common  as  a  minor  component  in  all  but  the  driest,  south-facing  slopes,  where 
Viola  orhiculata  is  also  conspicuously  absent. 

Undergrowth  is  dominated  by  Xerophyllum  and  Vacciniim  glohulare,  with  minor 
coverages  of  Pachistima  myrsinites,  Thalictrum  oocidentale,  and  other  species  listed 
previously  for  the  type.     This  phase  is  similar  to  the  ABLA/XETE  h.t.,  VAGL  phase 
defined  for  central  Idaho  by  Robert  Steele  and  others  (1975  preliminary  draft,  USDA 
Forest  Service,  Intermountain  Station).     It  is  also  similar  to  R.  and  J.  Daubenmire's 
(1968)  Abies  lasiocarpa /Xerophyllum  tenax  h.t.  in  northern  Idaho,   (except  for  stands 
57  and  127,  which  are  comparable  to  our  ABLA/LUEI  h.t.,  VASC  phase). 

Vaccinium  scoparium  (VASC)  phase. --This  phase  represents  the  habitat  type  near  its 
eastern  limits,  in  the  broad  zone  where  it  is  transitional  to  the  ABLA/VASC  h.t.  It 
was  found  extensively  between  6,000  and  7,500  feet  in  west-central  Montana  near  the 
Continental  Divide.     This  phase  is  typically  found  on  gentle  slopes,  cool,  well-drained 
benches,  or  on  cooler  aspects  than  the  VAGL  phase.     Pinus  contorta  is  the  dominant 
serai  species  (fig.  37).     Pseudotsuga  is  widely  scattered  and  apparently  is  frost- 
stunted.    This  phase  is  generally  beyond  the  range  limits  of  Larix  ocoidentalis.  Other 
conifers  occur  as  described  previously  for  the  type.     Undergrowth  contrasts  with  that 
of  the  VAGL  phase  in  that  Vaccinium  glohulare  is  scattered  or  absent,  Xerophyllum 
coverage  is  reduced,  and  Vaccinium  scoparium  is  dominant.     Nearly  all  sample  stands 
were  dominated  by  serai  Pinus  contorta,  suggesting  that  extensive  lightning  fires  occur 
periodically. 
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Figure  Z7 . — Vaccinium  scoparium  phase  TABLA/XETE  h.t.)  atop  a  level  ridge  (7^500  feet 
elev.)  northeast  of  Wisdom  in  southwestern  Montana.     Serai  Pinus  contorta  dominates 
the  over  story  along  with  scattered  Picea;  Abies  lasiocarpa  forms  the  hulk  of  the 
regeneration.    Vaccinium  scoparium  dominates  in  the  undergrowth;  Xerophyllum  is 
scattered  about. 

Weather  data  for  Summit  (Marias  Pass)  in  appendix  D-2  shows  this  to  be  a  cold, 
snowy,  forest  environment,  with  a  winter  climate  more  severe  than  that  of  the  VAGL  phase. 

This  phase  has  much  in  common  with  the  ABLA/VASC  h.t.,  which  becomes  extensive 
eastward  in  more  continental  and  generally  drier  climates.     Several  of  Robert  Steele 
and  others'   (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  sample 
stands  (in  their  ABLA/XETE  h.t.,  XETE  phase)  in  central  Idaho  would  evidently  fit  our 
VASC  phase. 

Soil. — Soils  in  the  ABLA/XETE  h.t.  were  derived  from  a  variety  of  noncalcareous 
parent  materials  (appendix  D-1).     Surface  soils  were  gravelly  sandy  loams  to  silts. 
Reactions  were  primarily  acidic  in  the  VAGL  phase  (mean  pH  5.1)  and  very  acidic  in  the 
VASC  phase  (mean  pH  4.6).    Ground  surfaces  had  little  bare  soil  and  rock  exposed;  duff 
depth  averaged  about  3.5  cm. 

Productivity /Manajgement. — Timber  productivity  ranges  from  low  to  high  (appendix  E) ; 
highest  values  are  generally  in  the  VAGL  phase.    The  VAGL  phase  offers  opportunities 
for  mixed  species  management,  but  prompt  establishment  of  regeneration  may  require  both 
site  preparation  and  shade.    Pseudotsuga  and  Pinus  contorta  appear  to  offer  the  greatest 
potential  for  timber  management.     In  the  VASC  phase,  timber  management  is  generally 
limited  to  Pinus  contorta.     However,  regeneration  may  be  easier  to  obtain  on  these  cool- 
er aspects,  and  the  gentler  terrain  is  better  suited  for  intensive  timber  management. 

Browse  production  for  deer  and  elk  is  moderate  in  the  VAGL  phase  and  low  in  the 
VASC  phase.     Evidence  of  light  to  moderate  summer  and  fall  use  by  deer  and  elk  is 
present  in  most  stands.     Occasional  use  by  moose  is  evident  in  the  VASC  phase. 
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Domestic  grazing  potential  is  generally  low.     Watershed  management  should  recognize 
the  moderately  high  precipitation  coupled  with  high  evapotranspiration  and  runoff  rates 
on  southerly  exposures.     Snowpack  in  this  habitat  type  (especially  in  the  YAGL  phase) 
may  melt  periodically  during  winter  and  disappear  in  the  spring  several  weeks  earlier 
than  in  adjacent  types. 

Tsuga  mertensiana/Xevophytlim  tenax  h.t. 
{TSME/XETE;  mountain  hemlock/beargrass) 

Vistvihution. — TSME/XETE  occurs  only  sparingly  in  Montana.     It  is  found  mostly  at 
5,500  to  6,500  feet  elevation  on  upper  slopes  and  ridges  in  the  extreme  northwestern 
part  of  the  State,  between  Lolo  Pass  and  Libby.     In  northern  Idaho  it  commonly  occupies 
the  warm  exposures,  but  eastward  from  the  Idaho-Montana  Divide  comparable  exposures 
often  lack  Tsuga  and  are  characterized  by  the  ABLA/XETE  h.t.,  VAGL  phase. 

Vegetation. — Vegetation  of  the  TSME/XETE  h.t.  appears  generally  similar  to  that 
described  for  the  ABLA/XETE  h.t.,  VAGL  phase,  except  that  TSME/XETE  is  associated  with 
a  moist,  more  strongly  maritime  climate.     Serai  stands  in  the  TSME/XETE  h.t.  are  less 
likely  to  have  Pseudotsuga  than  those  of  the  ABLA/XETE  h.t.,  VAGL  phase,  but  they  are 
more  likely  to  have  Pinus  montioola. 

Soil. — Soils  were  similar  to  those  described  for  the  ABLA/XETE  h.t.,  VAGL  phase 
(appendix  D-1) . 

Productivity /Management. — This  is  similar  to  that  described  for  the  ABLA/XETE  h.t., 
VAGL  phase. 

Othev  studies. --Three  of  R.  and  J.  Daubenmire's  (1968)  Tsuga  mevtensiana/Xevo-phyllum 
h.t.  stands  in  northern  Idaho  (numbers  47,  98,  and  157)  are  comparable;  the  remainder 
of  their  stands  are  similar  to  our  TSME/LUHI  h.t.,  VASC  phase. 

Abies  lasiocarpa/Vaaoinium  glohulare  h.t. 
{ABLA/VAGL;  subalpine  fir/blue  huckleberry) 

Vistvihution. — ABLA/VAGL  is  a  moderately  moist  upland  type  occurring  mostly  on 
north-  or  east-facing  slopes  or  occasionally  on  cool  benches,  usually  between  6,800  and 
7,800  feet  elevation.     It  is  largely  restricted  to  areas  near  or  east  of  the  Continental 
Divide,  and  is  common  in  the  vicinity  of  the  Gallatin  National  Forest.     ABLA/VAGL  often 
alternates  in  a  mosaic  with  the  ABLA/VASC  h.t.    (especially  the  latter 's  CARU  phase), 
the  former  apparently  occupying  more  moist  or  more  sheltered  microsites. 

Vegetation. — Ahies  lasiocavpa  is  the  apparent  climax,  with  serai  stands  usually 
dominated  by  Pinus  contovta  or  Pseudotsuga.     Pioea  engetmannii  (or  P.  engelmannii 
X  glauca)  is  a  common  though  minor  component  of  most  stands,  and  Pinus  alhicaulis  is  a 
rather  prominent  minor  species  in  some  stands.     These  latter  stands  were  not  classified 
ABLA-PIAL/VASC  h.t.  because  Pseudotsuga  was  present. 

Undergrowth  is  luxuriant  for  east -side  Ahies  lasiocavpa  types.  Vacciniwn 
glohulave  forms  a  patchy  layer  a  foot  high.     Vaocinium  sooparium  is  also  usually  well 
represented,  but  other  shrubs  occur  only  in  minor  amounts.     Cavex  geyeri,  Calamagrostis 
vuhescenSy  and  Arnica  cordifolia  are  common  in  more  than  half  of  the  stands;  small 
coverages  of  Osmorhiza  chilensis,  Pyrola  secunda^  and  Thaliotrwn  occidentale  are  also 
characteristic . 

Soil. — Soils  in  the  ABLA/VAGL  h.t.  were  derived  from  a  wide  variety  of  parent 
materials  (appendix  D-1).     Surface  soils  were  acidic  gravelly  loams  to  silty  clay  loams. 
Ground  surfaces  had  little  bare  mineral  soil  or  rock  exposed;  duff  was  moderately 
deep  (average  5.3  cm). 
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Productivity /Management .--limber  productivity  is  low  to  moderate  (appendix  E-4) . 
Pinus  oontorta  should  be  easier  to  regenerate  than  other  species.     Sample  stands 
showed  light  to  moderate  use  by  deer  and  elk  with  occasional  use  by  moose  and  bears. 
Domestic  grazing  use  is  quite  limited,  but  watershed  values  are  relatively  high.  Most 
of  the  denser  stands  of  Vaoainium  globulare  east  of  the  Continental  Divide  are  limited 
to  this  habitat  type,  so  management  to  enhance  berry  production  may  be  an  important 
consideration.     However,  silvicultural  prescriptions  to  increase  amounts  of  Vaooiniion 
globulare  and  berry  production  are  not  known  at  this  time,  and  it  would  be  unwise  to 
extrapolate  from  other  habitat  types  or  from  areas  where  different  species  of  Vaaciniwn 
have  been  studied.    Responses  of  Vaooinium  globulare  to  various  types  of  vegetative 
manipulation  need  to  be  studied. 

Other  studies . --In  central  Idaho,  Robert  Steele  and  others  (1975  preliminary 
draft,  USDA  Forest  Service,  Intermountain  Station)  have  described  a  generally  similar 
ABLA/VAGL  h.t.  that  also  occurs  largely  beyond  the  range  limits  of  Xerophyllum .  Cooper 
(1975)  described  this  habitat  type  as  reaching  its  maximum  development  in  northeastern 
Idaho  and  northwestern  Wyoming. 

Abies  lasiocarpa/Vaoainium  saoparium  h.t. 
[ABLA/VASC]  subalpine  fir/grouse  whortleberry) 

Distribution. — This  is  one  of  the  most  abundant  forest  habitat  types  near  and 
east  of  the  Continental  Divide  in  Montana.     It  occurs  mostly  on  well-drained  soils  on 
broad  ridges,  gentle  slopes,  and  benches  between  about  7,000  and  8,500  feet.     It  is 
typically  bounded  at  higher  elevations  by  the  ABLA-PIAL/VASC  h.t.,  on  drier  sites  by 
ABLA/CARU  or  PSME/CARU  h.t.s,  and  on  more  moist  sites  by  several  of  the  moist  Abies 
lasioaarpa  h.t.s.     (ABLA/VASC  is  also  locally  common  at  5,000  to  5,700  feet  in  the 
relatively  dry  mountains  south  and  west  of  Eureka  in  northwestern  Montana.) 

Vegetation. — Abies  lasioaarpa  is  the  indicated  climax         Pinus  oontorta  is  the 
dominant  serai  species  throughout  the  habitat  type.    Pioea  engelmannii  is  a  major 
component  in  only  the  TEOC  phase.    Pseudotsuga  is  a  major  serai  component  in  the  CARU 
phase,  but  becomes  scarce  and  often  frost  stunted  as  it  reaches  its  upper  limits  in  the 
other  two  phases.     {Larix  oooidentalis  shares  dominance  with  Pinus  oontorta  in  serai 
stands  near  Eureka,  based  on  recent  inventory  data  provided  by  Tom  Lawrence,  Kootenai 
National  Forest.) 

Undergrowth  is  dominated  by  a  low-shrub  layer  of  the  Vaooinium  scoparium^  or 
occasionally  by  V.  myrtillus.     Where  V.  myrtillus  is  associated  with  more  moist  or 
milder  environmental  conditions  that  V.  sooparium^  indicators  of  other  habitat  types  are 
usually  present.    Thus,  V.  myrtillus  can  be  used  as  an  alternate  indicator  of  the 
ABLA/VASC  h.t.  without  implying  ecological  equivalence  of  the  two  species.     We  also 
favored  this  approach  because  of  the  difficulty  in  taxonomically  separating  the  two 
species.     Other  species  in  the  undergrowth  are  inconspicuous,  except  for  modest 
coverages  of  Arnica  latifolia  or  A.  cordifolia,  Carex  geyeri,  and  Calamagrostis  rubescens. 

Calamagrostis  rubescens  (CARU)  phase. --This  occurs  in  a  warmer  environment  than  fji 
other  phases  of  the  habitat  type.     It  is  found  mostly  between  elevations  of  5,200  and 
7,100  feet,  averaging  almost  1,000  feet  lower  than  the  other  phases.    Although  it  is 
widespread  east  of  the  Continental  Divide,  it  is  less  extensive  than  the  VASC  phase. 
This  phase  is  usually  bounded  on  cooler  sites  by  other  phases  of  the  ABLA/VASC  h.t.,  ^ 
on  drier  sites  by  the  PSME/CARU  h.t.,  and  on  more  moist  sites  by  the  ABLA/VAGL  h.t. 
Although  Abies  lasiocarpa  is  the  indicated  climax,  sites  are  often  near  the  species' 
lower  altitudinal  (drought)  limits  and  this  tree  is  not  particularly  vigorous.  Most 
sample  stands  are  dominated    by  serai  Pinus  oontorta  and  Pseudotsuga.     Pioea  is  only  a 
minor  component  of  stands  in  this  phase.     The  undergrowth  is  dominated  by  Vaooinium 
scopariujUy  but  several  species  characteristic  of  milder  environments  are  conspicuous 
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in  this  phase.     Calamagrostis  rubesoens  is  common  and  either  Arctostaphylos  uva-ursi  or 
Berhevis  repens  are  present.    Additional  species  present  may  include  Junipevus  commun'is. 
Spiraea  hetulifoliaj  and  Vaecinivim  glohulare. 

Vaocin-ium  sooparium  (VASC)  phase. --Stands  not  meeting  the  criteria  for  the  CARU 
or  THOC  phases  are  classified  here.     This  is  the  most  abundant  phase  of  the  habitat 
type  in  Montana.     It  occupies  cold,  relatively  dry  sites,  usually  on  flat  areas  or 
gentle  slopes  between  7,000  and  8,000  feet  elevation.     It  is  common  in  southwestern 
and  south-central  Montana  as  well  as  in  the  Little  Belt  Mountains,  and  occasionally 
is  found  west  of  the  Continental  Divide. 

Pinus  contoTta  is  the  major  dominant  conifer  on  most  sites  and  succession  to 
climax  dominance  by  Abies  lasiooarpa  is  often  very  slow  either  because  of  lack  of  seed 
source  or  apparent  low  vigor  in  this  phase.    Pseudotsuga^   if  present,  is  often  frost- 
stunted.     Picea  is  usually  scarce.     Undergrowth  is  as  described  previously  for  the 
type. 

The  abundance  of  this  phase  in  central  and  southwestern  Montana  and  central  Idaho 
(Robert  Steele  and  others    1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  seems  to  be  related  to  the  scant  summer  precipitation  in  combination  with 
well-drained  upland  soils. 

Thalictmm  ooaidentale  (THOC)  phase. --This  phase  occupies  the  moist,  cool  environ- 
ments within  the  habitat  type.     Sample  stands  ranged  from  7,300  to  8,600  feet  in  eleva- 
tion and  were  common  only  in  the  Beaverhead  and  Gallatin  National  Forests.     This  is 
the  only  phase  having  Piaea  as  a  major  component,  sharing  dominance  about  equally  with 
Abies  lasiocarpa  and  Pinus  oontorta.     Stands  in  this  phase  have  ThaliQtrvm  ooaidentale 
common  or  Valeriana  sitohensis  or  Viola  ovbiculata  present;  also  they  do  not  meet  the 
criteria  for  the  CAPV  phase.     In  addition,  Osmorhiza  ohilensis  and  Pyrola  seaunda,  not 
found  in  the  drier  VASC  phase,  are  usually  present  here. 

Soil/Climate. — Soils  in  the  ABLA/VASC  h.t.  were  derived  from  a  wide  variety  of 
parent  materials  with  some  differences  by  phase  as  shown  in  appendix  D-1.  Surface 
soils  in  the  VASC  phase  were  gravelly  sandy  loams  to  silts;  those  in  the  CARU  and 
THOC  phases  had  less  gravel  and  were  finer  in  texture.     Soils  in  all  phases  were 
acidic  to  very  acidic.     Ground  surfaces  had  small  amounts  of  rock  and  very  little 
bare  mineral  soil  exposed.     Duff  was  moderate  in  the  VASC  phase  (average  3.5  cm)  to 
moderately  deep  in  the  THOC  phase  (average  5.6  cm). 

Weather  data  from  Kings  Hill  (appendix  D-2)  reflect  the  climate  of  a  relatively 
moist  and  cold   site    in  this  habitat  type. 

Five  history. — The  preponderance  of  mature,  even-aged  stands  of  Pinus  oontorta 
in  this  habitat  type  is  generally  attributable  to  intense  wildfires,  which  often  follow 
severe  outbreaks  of  mountain  pine  beetle  {Bendroctonus  ponderosae  Hopk.).     This  fire 
history  may  also  have  contributed  to  lack  of  seed  source  of  climax  species.  However, 
fire  scars  on  old-growth  (150  to  250  years)  Pinus  oontorta  trees  in  several  sample 
stands  indicate  that  one  to  three  noncatastrophic  ground  fires  occurred  after  initial 
stand  establishment.     No  doubt  this  strongly  influenced  current  stand  structure. 

Produotivity /Management. — Timber  productivity  is  low  to  moderate  (appendix  E) , 
with  highest  productivities  in  the  CARU  and  THOC  phases.  Extensive  areas  of  gentle 
terrain  are  suitable  for  timber  management.  Existing  stands  of  Pinus  oontorta  could 
be  managed  for  small  sawtimber,  pulpwood,  posts,  and  poles.  This  species  should  do 
best  under  even-aged  management  systems.  Pseudotsuga  is  generally  available  for  timber 
production  in  the  CARU  phase;  but  regeneration  may  require  scarification  because  of 
grass  sod.     In  the  THOC  phase,  Pioea  is  also  available;  stands  with  overstories  of 
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Pinus  Qontorta  and  vigorous  understories  dominated  by  Pioea  offer  opportunities  for 
partial  cutting.     According  to  Roe  and  Amman  (1970),  the  risk  of  Pinus  contorta  loss 
to  mountain  pine  beetle  epidemics  is  less  in  this  habitat  type  than  in  lower  elevation 
habitat  types,  and  smaller  trees  are  less  susceptible  than  large  ones. 

Forage  potential  for  big  game  or  domestic  stock  is  extremely  low  in  forest  stands. 
Clearcuts  may  produce  800  to  1,000  pounds  of  forage  per  acre  per  year,  but  palatability 
ratings  are  only  fair  for  the  native  early-successional  plants  (Basile  and  Jensen 
1971) . 

Water  yield  is  relatively  high,  and  management  constraints  may  be  needed  to 
protect  water  resources. 

Other  studies. — Abies  lasiooarpa  and  Picea  engetmannii/Vaooiniim  scoparium 
habitat  types  have  been  described  elsewhere  in  the  Rockies  by  R.  and  J.  Daubenmire 
(1968),  McLean  (1970),  Pfister  (1972a),  Reed  (1969,  1976);  Wirsing  (1973),  Hoffman  and 
Alexander  (1976) ,  and  Cooper  (1975) .     The  abundance  of  Picea  and  the  presence  of  moist 
indicator  forbs  suggest  that  most  of  their  stands  are  similar  to  our  TEOC  phase.  How- 
ever, the  CARl]  phase  has  also  been  described  in  south-central  British  Columbia  (McLean 
1970),  central  Idaho  (Robert  Steele  and  others  1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station),  and  northwestern  Wyoming  (Cooper  1975).     In  addition, 
Robert  Steele  and  others  (1975)  reported  the  VASC  phase  from  central  Idaho. 

Ahies  lasiooavpa/ Alnus  sinuata  h.t. 
(ABLA/ALSI;  subalpine  fir/ Sitka  alder) 

Distribution. — ABLA/ALSI  is  a  relatively  cool  and  moist  upland  habitat  type  within 
the  lower  subalpine  forest.    Most  stands  are  located  on  north-facing  slopes  between 
6,500  and  7,500  feet  elevation,  except  in  northwestern  Montana,  where  they  occur  at 
5,000  to  5,800  feet.     The  type  is  rather  widely  distributed  in  the  higher  mountains  of 
the  State;  however,  stands  are  usually  scattered  and  not  extensive. 

In  west-central  Montana  ABLA/ALSI  sometimes  forms  a  transitional  zone  between  the 
ABLA/MEFE  h.t.  and  the  ABLA/XETE  h.t.,  VASC  phase.     Eastward  ABLA/ALSI  might  be  con- 
sidered to  be  an  extension  of  sites  similar  to  ABLA/MEFE.  but  beyond  the  geographic 
limits  of  Menziesia. 

ABLA/ALSI  is  often  bordered  below--on  warmer,  but  similarly  moist  sites--by 
ABLA/LIBO  stands  in  which  Alnus  sinuata  is  well  represented.     East  of  the  Continental 
Divide  the  adjacent  drier  habitat  types  are  ABLA/VASC  or  ABLA/VAGL. 

Stands  are  dominated  to  varying  degrees  by  Pinus  contorta,  Picea  engelmannii, 
Abies  lasiocarpa,  and  occasionally  by  Pseudotsuga.     Larix  occidentalis  is  often  a  major 
component  west  of  the  Continental  Divide.     Undergrowth  is  a  relatively  dense  or  a 
patchy  layer  of  Alnus,  sometimes  with  Vaccinium  globulare,  V.  scoparium,  or  Xerophyllum 
also  well  represented.     Scattered  Pyrola  seounda.  Arnica  latifolia,  and  similar  forbs 
are  also  typical. 

Since  all  stands  observed  were  200  years  old  or  less,  retention  of  Alnus  at  the 
theoretical  climax  is  uncertain.     Nevertheless,  the  vegetation  and  environment  are 
distinctive  enough  to  warrant  designation  as  a  habitat  type. 

Soil. — Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-1).     Surface  soils  were  loams  to  silts  with  very  acidic  to  acidic  reactions.  Gravel 
content  averaged  18  percent.     Ground  surfaces  generally  had  no  bare  soil  or  rock  ex- 
posed; duff  depth  averaged  6.0  cm. 
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Productivity /Management. — Timber  productivity  is  moderate  (appendix  E) ;  Pinus 
contorta  and  Picea  are  prominent  serai  components.     Big-game  use  appears  to  be  light, 
although  stands  may  be  important  for  cover.     Water  yield  should  be  relatively  high. 
The  presence  of  Alnus  sinuata  suggests  that  water  tables  may  be  high  during  part  of 
the  year;  this  would  create  problems  for  certain  management  activities.  Conifers 
should  reestablish  readily  following  major  overstory  removal  or  wildfire;  however, 
tree  growth  may  sometimes  be  retarded  initially  by  the  development  of  an  Alnus- 
dominated  brushfield. 

Other  studies. — Although  Alnus  sinuata  also  forms  a  dominant  undergrowth  in  seep 
areas  and  under  serai  conditions  in  many  moist  habitat  types  (R.  and  J.  Daubenmire 
1968),  these  situations  are  not  included  in  our  definition  of  the  ABLA/ALSI  h.t. 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  mentioned  finding  a  similar  ABLA/ALSI  habitat  type  in  east-central  Idaho. 

Ahies  lasiooarpa/Calamagrostis  ruhescens  h.t. 
{ABLA/CARU-,  subalpine  f ir/pinegrass) 

Distribution. — ABLA/CARU  was  found  only  east  of  the  Continental  Divide  in  Montana, 
where  it  occurs  on  moderate  slopes  and  all  aspects  near  the  warm,  dry  limits  of  the 
Ahies  lasiocarpa  series.     It  is  most  extensive  on  the  Gallatin  National  Forest  and  in 
the  Centennial  Mountains  between  6,500  and  7,700  feet.     It  is  also  common  in  the  Front 
Range  west  of  Great  Falls  on  limestone  substrates  between  5,800  and  6,300  feet. 

Vegetation. — ABLA/CARU  is  apparently  an  extension  of  the  PSME/CARU  h.t.  on  slopes 
moist  and  cool  enough  for  Abies  lasiocarpa.     Pseudotsuga  and  Pinus  contorta  dominate 
most  stands,  with  Abies  and  Picea  being  minor  stand  components.     Wildfire  evidently 
sweeps  through  most  stands  often  enough  to  set  back  invasion  of  Ahies  and  Picea  without 
destroying  large  PseudotsugaSj  which  may  attain  diameters  of  3  feet  and  heights  of  90 
feet . 

Undergrowth  is  dominated  by  Calamagrostis  ruhescens  and  resembles  that  of  the 
PSME/CARU  h.t,  except  in  having  greater  coverages  of  forbs  like  Thalictrum  occidentate^ 
Osmorhiza  chilensis^  and  Pyrola  secunda.     The  mat  of    Calamagrostis  ruhescens 
and  Carex  geyeri  is  especially  luxuriant  in  young  or  open  stands.     However,  near  the 
upper  limits  of  the  ABLA/CARU  h.t.  these  rhizomatous  graminoids  have  less  vigor  and  give 
way  to  undergrowth  dominated  by  forbs  of  the  ABLA/ARCO  h.t.  or  to  Vaccinium  scoparium 
or  V.  globulare.     In  some  areas  (e.g.,  the  Centennial  Mountains)  there  seems  to  be  a 
broad  transition  between  ABLA/CARU  at  its  upper  limits,  and  ABLA/ARCO. 

Soil. — Our  stands  were  primarily  on  sedimentary  parent  materials  (appendix  D-1). 
Surface  soils  were  acidic  sandy  loams  to  silts  with  average  gravel  content  of  21  per- 
cent.   Ground  surfaces  had  little  or  no  bare  soil  or  rock  exposed.     Duff  averaged 
4.3  cm  deep. 

Productivity /Management. — Timber  productivity  ranges  from  low  to  high  (appendix 
E-4) .    Pseudotsuga  and  Pinus  contorta  are  major  components  of  serai  stands.     Some  mech- 
anical scarification  may  be  necessary  to  obtain  conifer  regeneration  following  harvest 
cuttings.    However,  many  stands  have  advance  regeneration  of  Picea,  Abies,  and  even 
Pseudotsuga  that  could  be  managed  following  careful  removal  of  the  overstory.  Light 
to  moderate  deer  and  elk  use  is  evident  in  most  stands.     Cattle  also  make  light  use  of 
stands  on  gentle  topography.    The  potential  for  domestic  forage  production  may  be  fairly 
good  in  early  successional  stages  of  this  type — better  than  in  other  habitat  types  in 
the  Abies  lasiocarpa  series.     However,  we  do  not  know  of  any  studies  on  forage  production 
or  grazing  potential  in  this  habitat  type. 

Other  studies. — A  similar  ABLA/CARU  h.t.  has  been  described  by  Robert  Steele  and 
others  (1975  preliminary  draft,  USDA  Forest  Service,   Intermountain  Station)  as  being 
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abundant  in  central  Idaho.     However,  in  western  Wyoming,  Cooper  (1975)  sampled  only  two 
stands  (numbers  227  and  229)  that  seem  comparable  to  this  habitat  type,     Ogilvie  (1962) 
described  a  Ficea-Ahies/Calamagvostis  h.t.  in  Alberta,  but  the  limited  stand  data  show 
it  to  be  comparable  to  our  ABLA/VACA  h.t. 

Ahies  lasiocavpa/ Clematis  pseudoalpina  h.t. 
{ABLA/CLPS;  subalpine  fir/virgin's  bower) 

Distviloution. — ABLA/CLPS  represents  the  lower  (warm,  dry)  limits  of  the  Abies 
lasioaarpa  series  on  calcareous  substrates  east  of  the  Continental  Divide  in  Montana 
(fig  38).     It  is  an  edaphically  controlled  forest  environment  in  that  all  15  sample 
stands  (and  all  other  stands  observed)  were  on  limestone  or  on  other  substrates  con- 
taining layers  of  lime-rich  material.     The  type  is  locally  abundant  in  many  of  the  high 
mountains  east  of  the  Divide  where  lime-rich  rocks  are  prevalent  (e.g..  Little  Belt 
Mountains  at  7,000  to  7,500  feet.  Big  Snowies  at  6,000  to  6,800  feet,  and  Pryor  Mount- 
ains near  8,000  feet).     It  was  found  on  all  exposures,  but  was  most  common  on  steep 
south-  or  west-facing  slopes. 

Adjacent  cooler  or  more  moist  sites  on  calcareous  substrates  often  support  the 
ABLA/ABCO  h.t.;  warmer  sites  often  support  habitat  types  in  the  Pseudotsuga  or  Pinus 
flexilis  series, or  grassland.     On  adjacent  sites  having  noncalcareous  rock  substrates, 
the  habitat  type  is  likely  to  be  ABLA/VASC^  ABLA/YAGL,  or  ABLA/CARV,  with  serai  stands 
dominated  by  Pinus  aontorta. 


Figure  35. —Abies  lasiocarpa/Clematis  pseudoalpina  h.t.  on  a  gentle  south-facing  slope 
(7,500  feet  elev .  )  on  limestone  substrate  neax'  Red  Lodge  in  south-central  Montana. 
Serai  Pseudotsuga  and  Pinus  flexilis  dominate  the  overstory  while  Abies  lasiocarpa 
and  Picea  are  dominant  in  the  regeneration  layer.     Arnica  cordifolia  and  Clematis 
pseudoalpina  are  the  dominant  undergrowth  species  in  view  here. 
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Vegetation. — Although  Abies  lasiooarpa  is  present  at  more  than  10  trees  per  acre, 
and  for  purposes  of  this  classification  is  the  "indicated  climax,"  it  often  is  not  a 
vigorous  competitor,  probably  because  of  droughty  site  conditions.     Montana  limestones 
often  weather  into  soils  that  are  excessively  well  drained  or  otherwise  make  water  less 
available  to  conifers  than  substrates  derived  from  noncalcareous  rocks.     An  example  of 
this  is  Herbert  Holdorf's  (soil  scientist,  Lewis  and  Clark  National  Forest,  Great  Falls, 
Montana)  observation  that  Pinus  aontorta  occupies  certain  limestone  formations  in  the 
Little  Belts  only  where  average  annual  precipitation  is  at  least  30  inches.     By  contrast 
Pinus  aontorta  grows  in  the  same  area  on  acidic  rock  substrates  (granite,  quartzite, 
etc.)  where  annual  precipitation  averages  as  little  as  16  inches. 

Stands  are  usually  dominated  by  Pseudotsuga  and  often  by  apparently  drought- 
resistant  Picea  engelmannii  X  gtauoa  hybrids.    Pinus  aontorta  occurs  sporadically  and 
then  only  as  a  minor  stand  component.    Pinus  flexilis  is  a  rather  long-lived  serai 
member  of  most  ABLA/CLPS  stands;  it  is  diagnostic,  since  it  is  seldom  found  in  other 
Abies  lasioaarpa  h.t.s.     Sometimes  Pinus  albiaaulis  is  also  present,  but  it  is  common  in 
much  of  the  Abies  lasioaarpa  series  (appendix  B) .     (Differentiation  of  Pinus  flexilis 
and  P.  albiaaulis  is  discussed  under  Taxonomic  Considerations  in  the  Introduction. 

Clematis  pseudoalpina  and  C.  tenuiloba  (which  intergrade)  are  usually  present  and 
are  apparently  confined  to  calcareous  substrates.     Like  Pinus  flexilis ^  they  reach 
their  upper  elevational  limits  barely  within  the  Abies  lasioaarpa  series,  and  are 
associated  with  the  Pseudotsuga  series  below.    Spiraea  betulifolia,  Juniperus  aommunis 
and  Berberis  repens  are  the  only  frequently  found  shrubs.    Arnica  cordifolia  and  Galium 
boreale  were  present  in  all  sample  stands,  and  were  accompanied  by  such  dry-site  forbs 
as  Aster  aonspiauuSj    Astragalus  miser ^  Fragaria  virginiana,  Frasera  speaiosa^ 
Valeriana  dioiaa^  and  Zigadenus  elegans. 

Soil. --Ml  of  our  stands  in  the  ABLA/CLPS  h.t.  were  on  calcareous  parent  materials 
(appendix  D-1).     Surface  soils  were  silts  to  silty  clay  loams,  ranging  from  slightly 
acidic  to  slightly  basic.    Gravel  content  was  variable.     Ground  surfaces  had  little 
exposed  rock  or  bare  soil;  duff  depth  averaged  4.2  cm. 

Productivity /Management . — Forage  values  for  both  big  game  and  domestic  livestock 
appear  to  be  low,  although  stands  are  often  used  as  bedding  areas  by  deer  and  elk. 
Domestic  stock  also  bed  and  graze  in  this  habitat  type  occasionally. 

Timber  productivity  is  low  (appendix  E-4) .     Site  indexes  for  all  species  and 
maximum  stand  heights  are  consistently  low  (appendix  E-1  and  E-2) .    The  steep,  exposed 
slopes  with  shallow,  fine-textured  soils  warrant  special  precautions  to  prevent  erosion. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere. 

Abies  lasioaarpa/ Arnica  cordifolia  h.t. 
{ABLA/ARCO\  subalpine  fir/heartleaf  arnica) 

distribution. — ABLA/ARCO  is  a  relatively  cool,  moist  habitat  type  found  in  semi- 
arid  mountains  east  of  the  Continental  Divide,  often  on  limestone  substrates  (Fig.  39). 
It  is  associated  with  benchlike  uplands  and  north-facing  slopes,  and  is  found  exten- 
sively in  the  southern  portion  of  the  Beaverhead  National  Forest  (at  7,600  to  8,400 
feet)  as  well  as  in  the  Little  Belt  Mountains  (at  6,900  to  7,600  feet),  where  it  is 
usually  on  limestone.    ABLA/ARCO  is  seldom  found  elsewhere. 

Warmer  sites  often  support  ABLA/CARU^  ABLA/CLPS  (on  limestone),  or  Festuaa 
idahoensis -dominated  mountain  parks.     When  this  type  occurs  on  limestone,  the  adjacent, 
topographically  similar  but  noncalcareous  sites  usually  support  the  ABLA/VASC  h.t. 
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Figure  39. — Abies  lasiocarpa/Arnica  cordifolia  h.t.  on  a  gentle  north-faoing  slope 
(7^650  feet  elev. )  in  the  Centennial  Mountains  of  southwestern  Montana.  Pseudo- 
tsuga,  Pinus  contorta,  and  Picea  dominate  the  overstory  of  this  150-  to  200-year- 
old  stand;  regeneration  is  mostly  Abies  lasiocarpa.    Arnica,  Thalictrum,  and 
shrubby  skirts  of  Abies  lasiocarpa  form  the  undergrowth. 

Vegetation. — Although  Abies  lasiocarpa  is  the  apparent  climax  dominant,  all  but 
the  oldest  stands  are  dominated  by  Pseudotsuga  or  Pinus  contorta.     Pinus  contorta  is 
scarce  in  this  habitat  type  in  the  Little  Belts,  where  the  stands  are  mostly  on  lime- 
stone.    Conversely,  Picea  is  a  prominent  serai  component  of  most  stands  on  limestone, 
but  is  less  common  elsewhere. 

The  forest  canopy  is  dense  and  undergrowth  is  correspondingly  rather  sparse,  con- 
sisting mostly  of  Arnica  cordifolia,  Thalictrum   occidentale^    Osmorhiza  chilensis, 
Pyrola  seounda,  and  small  amounts  of  several  other  forb  species.      Vaccinium  scoparium 
and  V.  globulare  do  poorly  on  calcareous  substrates  such  as  those  characterizing  the 
ABLA/ARCO  h.t.  in  the  Little  Belts;  but  this  does  not  explain  their  absence  in  the 
ABLA/ARCO  h.t.  in  the  Beaverhead  National  Forest  on  noncalcareous  parent  materials. 

Soil  .--S>oils  in  the  ABLA/ARCO  h.t.  were  derived  from  a  broad  variety  of  parent 
materials  (appendix  D-1).     Surface  soils  were  acidic,  mostly  nongravelly  loams  to  silty 
clay  loams.     Ground  surfaces  had  little  bare  soil  and  rock  exposed;  duff 
depth  averaged  3.9  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4).  Old- 
growth  individuals  of  Pseudotsuga  may  attain  maximum  diameters  of  3  feet  and  heights 
of  90  to  95  feet.     Sod-forming  grasses  are  usually  scarce  and  tree  regeneration  after 
logging  is  not  retarded  by  a  flush  of  undergrowth  vegetation  in  most  cases.  Watershed 
values  are  relatively  high.     Forest  stands  received  light  use  by  deer,  elk,  and  cattle, 
but  forage  production  for  big  game  and  domestic  livestock  is  very  low. 
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other  studies. — ABLA/ARCO  h.t.  has  also  been  described  by  Hoffman  and  Alexander 
(1976)  in  Wyoming  and  by  Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  in  east-central  Idaho.     Several  stands  apparently 
similar  to  this  habitat  type  were  sampled  by  Cooper  (1975)  in  northwestern  Wyoming  (in 
his  Abies  lasioaarpa/ThaliotTim  h.t.,  Amioa  oovdifoHa  phase). 

Ahies  lasiocavpa/Cavex  geyevi  h.t. 
{ABLA/CAGE;   subalpine  fir/elk  sedge) 

Distvihution. — ABLA/CAGE  is  a  minor  habitat  type  in  Montana  that  encompasses  some 
of  the  driest  sites  in  the  Ahies  lasiooavpa  series.     It  is  apparently  transitional  to 
PSME/CAGE  on  still  drier  sites  and  to  ABLA/CARU  on  slightly  more  moist  sites.  Sample 
stands  were  on  southerly  aspects  between  6,600  and  7,700  feet  elevation  in  the  Gallatin 
National  Forest  (fig.  40)  and  from  6,700  to  7,100  feet  in  the  Little  Belt  and  Big  Belt 
Mountains  of  central  Montana. 

Vegetation. — Abies  lasiocarpa  is  the  indicated  climax,     Pseudotsuga  is  the  major, 
persistent  serai  dominant  in  the  PSME  phase,  while  Pinus  cdntovta  is  usually  the  domi- 
nant serai  tree  in  the  CAGE  phase.     Piaea  is  absent  or  at  most  widely  scattered 
throughout  the  habitat  type. 

Undergrowth  is  dominated  by  Cavex  gevevi;  Calamagvostis  vubescens  is  poorly  re- 
presented.    Other  characteristics  of  the  undergrowth  vary  by  phase  of  the  habitat  type. 


'Figure  40. — Abies  lasiocarpa/Carex  geyeri  h.t.     TPseudotsuga  phase)  on  a  moderate  north- 
eastern exposure  (7^260  feet  elev. )  south  of  Big  Timber  in  south-central  Montana. 
Pseudotsuga  dominates  the  overstory ,  but  Abies  lasiocarpa  makes  up  most  of  the 
regeneration.  Car ex  geyeri  and  Thalictrum  dominate  the  luxuriant  undergrowth. 
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Carex  geyeri  (CAGE)  phase. --This  phase  represents  the  coldest  conditions  within  the 
habitat  type.    Only  three  stands  were  sampled,  two  of  them  occupying  limestone  sub- 
strates atop  broad  ridges  near  7,000  feet  in  the  Castle  and  Little  Belt  Mountains.  The 
other  stand  was  found  at  8,500  feet  on  noncalcareous  rock  in  the  Madison  Range.  Ahies 
lasiocarpa  and  Pinus  contorta  were  the  only  major  tree  components.     Undergrowth  was  an 
almost  pure  Carex  geyeri  with  low  coverages  of  scattered  forbs.    ABLA/VASC  was  found  on 
adjacent,  more  moist%ites,  and  the  FSME  phase  or  the  ABLA/CARU  h.t.  on  warmer  (lower- 
elevation)  slopes. 

Pseudotsuga  menziesii  (PSME)  phase. — This  is  the  warmer  (lower  elevation)  phase 
of  the  type  and  it  appears  to  be  more  common  than  the  CAGE  phase.     It  is  transitional 
to  the  ABLA/CARU  h.t.  on  more  moist  sites.     Stands  are  dominated  by  Pseudotsuga  as  in 
ABLA/CARU  but  Pinus  oontorta  and  Pioea  are  largely  absent,  reflecting  the  drier  condi- 
tions.    As  in  ABLA/CARU ,  the  undergrowth  is  rich  in  forbs  such  as  Thatictrum  OQcidentalej 
Osmorhiza  Qhilensis^  Smilaoina  raaemosa,  and  Arnica  cordifoHa  or  A.   tatifolia;  however, 
Calamagrostis  rubesaens  is  poorly  represented. 

Soil. — Our  stands  were  on  a  variety  of  parent  materials  (appendix  D-1).  Surface 
soils  were  primarily  nongravelly  loams  to  silts  with  reactions  ranging  from  very  acidic 
to  slightly  basic  (on  limestone).     Ground  surfaces  had  little  rock  or  bare  soil  exposed; 
duff  depth  averaged  greater  than  5  cm. 

Productivity /Management . — Timber  productivity  is  low  to  moderate  (appendix  E-4) . 
Choice  of  species  is  limited  and  varies  by  phase  (appendix  B) ;  regeneration  may  be 
difficult  to  obtain  because  of  the  cold,  dry  conditions  and  perhaps  the  competition  from 
Carex  geyeri  and  associated  species.  Moderate  summer  use  by  deer  and  elk  was  evident 
in  sample  stands.  Cattle  use  appeared  to  be  limited  to  bedding  in  stands  adjacent  to 
meadows.  Maintaining  vegetative  cover  to  prevent  erosion  may  be  especially  important 
on  these  sites. 

Other  studies. — It  appears  that  four  of  Cooper's  (1975)  stands  in  his  Ahies 
lasiocGjrpa/Thalictrum  h.t.,  Thatictrum  phase  (from  northwestern  Wyoming)  are  comparable 
to  our  PSME  phase.     Some  of  Robert  Steele  and  others  (1975  preliminary  draft,  USDA 
Forest  Service,  Intermountain  Station)  ABLA/CAGE  h.t.  stands  (from  central  Idaho)  are 
also  similar  to  this  phase.     Robert  Steele  and  others  (1975)  have  described  a  ABLA/CAGE 
h.t.,  CAGE  phase  similar  to  ours  in  central  Idaho.    Also,  our  CAGE  phase  is  similar  in 
most  respects  to  Cooper's  (1975)  ABLA/CAGE  in  the  northwestern  Wyoming  vicinity. 
Wirsing  (1973)  also  described  Abies  lasiocarpa/ Carex  geyeri    h.t.  in  southern  Wyoming. 

UPPER  SUBALPINE  HABITAT  TYPES 

Abies  lasiocarpa/Ribes  montigenum  h.t. 
{ABLA/RIMO;  subalpine  fir/mountain  gooseberry) 

Distribution. — ABLA/RIMO  is  a  minor  habitat  type  found  in  upper  subalpine  areas 
near  the  southern  boundary  of  Montana.     The  six  stands  sampled  were  found  at  8,300 
to  8,500  feet  in  the  Pryor  Mountains,  at  8,300  to  9,000  feet  in  the  Centennial 
Mountains,  and  at  8,900  feet  in  the  southern  Gravelly  Range.     All  stands  were  on 
plateau- like  sites  or  cool  exposures  above  the  limits  of  Pseudotsuga  and  apparently 
unfavorable  for  Pinus  contorta  (which  was  absent) . 

Vegetation.  —  Stands  in  the  Pryor  Mountains  are  jointly  dominated  hy  Abies 
lasiocarpa  and  apparent  Picea  engelmannii  X  glauca  hybrids.    ABLA/RIMO  groves  alternate 
with  Festuca  idahoensis  grasslands  which  occupy  more  exposed  sites  where  less  snow 
accumulates.     Stands  in  the  Centennial  and  Gravelly  Ranges  were  dominated  by  Abues  and 
Pinus  albicauliSj  with  lesser  amounts  of  Picea  engelmannii.     They  were  bordered  by  the 
ABLA/ARCO  h.t.  at  lower  elevations  and  by  Festuca  idahoensis -dominated  grasslands  on 
drier  exposures.     Undergrowth  was  sparse  in  all  stands,  consisting  of  small,  scat- 
tered clumps  of  Ribes  montigenum  and  a  few  forbs  such  as  Arnica  spp. 
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Soil. — Soils  were  derived  from  a  variety  of  parent  materials  (appendix  D-1). 
Surface  soils  were  very  acidic  nongravelly  silts.     Ground  surfaces  had  little  rock  or 
bare  soil  exposed,  and  had  deep  duff  (average  7,5  cm). 

Productivity /Management. — Timber  productivity  is  apparently  low,  based  on  limited 
data  (appendix  E-4).  Forage  production  is  very  low,  but  deer,  elk,  and  domestic  live- 
stock evidently  use  sites  adjacent  to  mountain  parks  for  resting  and  bedding. 

Other  studies. — Robert  Steele  and  others   (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  described  this  habitat  type  in  central  and  southern 
Idaho,  where  it  is  dominated  by  Pinus  albicaulis   and  Abies  lasiooarpa.     Pfister  (1972a) 
described  a  similar  habitat  type  in  Utah  beyond  the  range  limits  of  Pinus  albicaulis 
that   is   dominated  by  Picea  engelmannii  and  Abies  lasiocarpa. 

Abies  lasiocarpa-Pinus  albicaulis /Vaccinium  scoparium  h.t. 
{ABLA-PIAL/VASC;  subalpine  f ir-whitebark  pine/grouse  whortleberry) 

Distribution. — This  very  extensive  habitat  type  constitutes  most  of  the  highest 
elevation  forest  belt  in  Montana  east  of  the  Continental  Divide  in  all  but  the  driest 
mountain  ranges.     It  can  generally  be  considered  to  be  the  east-side  replacement  for 
the  ABLA/LUHI  h.t.     It  is  found  on  all  exposures  at  elevations  ranging  from  about 
7,200  to  8,100  feet  in  central  Montana,  8,000  to  8,800  feet  in  southwestern  Montana, 
and  8,100  to  9,000  feet  in  south-central  Montana  (fig.  41). 


Figure  42.— Abies  lasiocarpa-Pinus  albicaulis/Vaccinium  scoparium  h.t.  on  a  northeast 
exposure  (8^400  feet  elev.)  near  Red  Lodge  in  south-central  Montana.  Pinus 
albicaulis  (up  to  500  years  of  age)  and  Picea  engelmannii  dominate  the  overstory. 
Abies  lasiocarpa  regeneration  is  extensive,  but  this  species  does  not  grow  as  tall 
as  Pinus  or  Picea.     Undergrowth  is  almost  entirely  Vaccinium  scoparium. 
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ABLA-VIAL/YASC  is  usually  bordered  below  by  ABLA/YASC,  but  sometimes  by  ABLA/XETE 
or  ABLA/VAGL.     Drier  sites  may  support  subalpine  grasslands  or  the  FIAL  h.t.s. 
Wetter  sites  support  meadows  or  the  ABLA/CACA  h.t.     It  is  bounded  above  by  the  PIAL- 
ABLA  h.t.s. 

Vegetation. — Ah-ies  lasiocavpa  is  the  indicated  climax  dominant,  but  stands  are  also 
characterized  by  Pinus  alhioaulisy  which  is  a  long-lived,  serai  dominant  approaching  a 
"persistent"  status  on  disturbed  dry  sites.     Fioea  eng etmannii  is  often  a  dominant, 
long-lived  member  of  stands  on  moist  sites.     Pi-nus  oontorta  is  a  major  serai  species 
at  lower  elevations. 

Undergrowth  in  most  stands  is  dominated  by  Vaaoinium  saopari-um,  although  on  drier 
sites  or  limestone  substrates  it  sometimes  gives  way  to  Cavex  geyeri.  Xevophyllum 
is  often  a  codominant  in  moist  stands  near  the  Continental  Divide.     In  some  areas 
Eieracium  gvacile  is  largely  restricted  to  this  and  higher  habitat  types.     In  such 
areas  it  may  be  useful  as  an  indicator  plant,  but  it  does  extend  to  somewhat  lower 
elevations  as  an  invader  on  roadsides,  skid  trails,  etc.     Avnica  tatifolia  is  the  only 
other  relatively  consistent  component  of  the  undergrowth.     Phyllodoce  and  Ledum  often 
occur  on  moist  sites.     Like  other  upper  subalpine  types,  ABLA-PIAL/VASC  is  characterized 
by  a  scarcity  of  the  species  that  are  so  widely  distributed  in  the  forests  below--e.g., 
Spivaea  hetulifolia,  Arctostaphylos  uva-upsij  Calamagrostis  rubescenSj  Berberis  vepens^ 
and  Pseudotsuga  menziesii. 

Soil /Climate. — Soils  in  the  ABLA-PIAL/VASC  h.t.  were  derived  from  a  wide  variety 
of  parent  materials  (appendix  D-1) .     Surface  soils  were  mainly  gravelly  loams  to  silts 
with  acidic  to  very  acidic  reactions.    Ground  surfaces  had  moderate  amounts  of  bare 
soil  and  rock  exposed;  duff  depths  averaged  4.4  cm. 

This  habitat  type  has  a  climate  similar  to  that  of  ABLA/LUEI,   except  it  is  some- 
what drier.    Mean  annual  precipitation  ranges  from  25  to  about  45  inches. 

Productivity /Management. — Timber  productivity  is  low  (appendix  E) .  Regenerating 
drier  sites  and  those  at  higher  elevations  within  the  type  will  probably  be  difficult. 
Succession  on  disturbed  sites  will  be  slow  and  vegetation  will  be  dominated  by  the 
same  species  found  in  old-growth  stands.     Managers  should  recognize  the  relatively  high 
water  yields  and  the  importance  of  minimizing  site  disturbance  because  of  slow  vegeta- 
tional  recovery. 

This  type  and  adjacent  meadows  provide  much  of  the  summer  range  for  elk,,  moose, 
mule  deer,  grizzly  bears,  and  black  bears  in  central  and  southern  Montana. 

Other  studies. — Cooper  (1975)  described  similar  stands  in  his  ABLA/VASC  h.t.,  Pinus 
alhicaulis  phase.    Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  also  had  some  similar  stands  in  the  upper  part  of  their  ABLA/VASC 
h.t.   in  central  Idaho. 

Abies  lasiooarpa/Luzula  hitohoockii  h.t. 
(ABLA/LUHI;  subalpine  fir/wood-rush) 

Distribution. — ABLA/LUHI  is  the  major  upper  subalpine  forest  habitat  type  from  the 
Continental  Divide  westward  in  Montana.     It  fonns  a  zone  extending  over  about  700  feet 
in  elevation  between  the  ABLA/XETE  or  ABLA/MEFE  h.t.s  below,  and  the  PIAL-ABLA  or  LALY- 
ABLA  h.t.s  above  (table  6). 

At  its  eastern  limits,  ABLA/LUHI  covers  high-elevation  terrain  contiguous  with 
the  Continental  Divide  from  Glacier  National  Park  south  to  Lewis  and  Clark  Pass 
(northeast  of  Lincoln);  it  continues  southward  in  the  Flint  Creek  and  Anaconda-Pintlar 
Ranges  and  in  the  Beaverhead  Range  almost  to  Lemhi  Pass,  west  of  Dillon.     Farther  east 
its  counterpart  ABLA-PIAL/VASC  occupies  a  similar  elevational  zone,  sometimes  occurring 
adjacent  to  ABLA/LUHI  on  dry  sites  in  west -central  Montana. 
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Table  6 . --Distribution  of  ABLA/LUHI  h.t.  and  TSME/LUHI  h.t.  sample  stands  by  phase 


VASC  phase  : 

pnase 

Elevation 

E 1 e  V a L ion 

Geographic  vicinity  : 

range 

:      Exposure  : 

range 

:  Exposure 

Feet 

E  eev 

Northern  Idaho 

^    r\r\r\    ei     v  r\r\ 

D , uou-D , sou 

C  CT* 

o ,  / dU- D , dUU 

W ,    IN  ,  E 

Northwestern  Montana 

6,000-7,000 

o-  W 

0,  UUU-D,  <5UU 

In-e 

West -central  Montana 

(and  Sun  River  drainage) 

7,100-8,400 

All 

6,800-7,600 

N-E 

Southwestern  Montana 

8,000-8,900 

All 

None 

None 

•'■    From  data  in  R.  and 

J.  Daubenmire 

(1968);  ABLA/  or 

TSME/LUHI  h.t. 

,  VASC 

phase  stands--57  (Alberta), 

127,  97,  128, 

and  61.     ABLA/  or 

TSME/LUHI  h.t 

. ,  MEFE 

phase  stands--58  (Alberta),  131 ,  135,  133, 

46,  99,  and  158. 

Vegetation. — Abies  lasiocarpa  is  the  indicated  climax.    Pinus  albicaulis,  Piaea 
engeZmannii,  and  Pinus  contorta  are  the  principal  serai  species,  although  their  rela- 
tive importance  varies  by  phase.     Sites  are  above  the  limits  of  Pseudotsuga^  Lavix 
occidentalism  and  Pinus  monticola. 

Luzula  hitohoockii  is  present  and  usually  well  distributed  throughout  the  stand; 
it  is  not  confined  to  unusual  microsites  or  disturbed  areas.     Some  stands  particularly 
near  the  eastern  limits  of  the  habitat  type,  have  no  Luzula.     Nevertheless,  they  are 
assigned  to  the  MEFE  phase  of  this  habitat  type  through  use  of  the  key  (fig-  7)  because 
Pinus  albicaulis  is  well  represented.    Other  major  undergrowth  species  are  Vaccinium 
scopariwn,  Xevophyllum,  and  Avnica  lati folia. 

Yacoiniim  scoparium  (VASC)  phase. --This  phase  is  largely  restricted  to  dry  expo- 
sures (table  6)  in  northwestern  Montana  and  northern  Idaho.     In  west -central  Montana 
and  central  Idaho  (Robert  Steele  and  others,  1975  preliminary  draft,  USDA  Forest  Service 
Intermountain  Station),  however,  it  becomes  more  common,  often  occupying  moist  exposures 

Pinus  albicaulis,  a  long-lived  serai  species,  was  present  in  all  sample  stands. 
Picea  engelmannii  is  normally  present,  but  is  abundant  only  on  especially  moist  sites. 
In  west-central  Montana  Pinus  contorta  is  a  major  component  of  serai  stands  near  the 
lower  limits  of  the  phase. 

Undergrowth  is  dominated  by  Vaccinium  scoparium,  Xerophyllum  tenax,  and  Arnica 
latifolia,  sometimes  along  with  Vaccinium  globulare  or  Carex  geyeri  on  warm  exposures. 
Phyllodoce  empetriformis  is  often  well  represented  on  moist  sites,  and  occasionally  it 
forms  the  dominant  undergrowth  over  broad  areas  on  northerly  exposures. 

Menziesia  ferruginea  (MEFE)  phase. --This  phase  is  generally  restricted  to  northerly 
exposures,  and  is  most  abundant  in  northwestern  Montana  (table  6).    Abies  lasiocarpa  is 
a  major  component  of  most  stands.    Picea  engelmannii  is  a  long-lived,  serai  component 
in  most  stands,  but  is  a  major  component  only  on  the  more  moist  sites--those  having 
small  coverages  of  species  typically  associated  with  the  ABLA/CACA  h.t.,  such  as  Calama- 
grostis  canadensis y  Ledum  glandulosum,  Senecio  triangularis ,  Dodecatheon  oeffreyi, 
Veratnm  viride,  or  Ligusticum  canbyi.  Generally  Pinus  albicaulis  is  a  minor  stand 
component,  while  Pinus  contorta  is  scarce.    On  sites  having  some  soil  development,  Larix 
lydllii  occasionally  extends  downward  as  a  minor  serai  species;  however,  on  sites 
consisting  of  coarse  talus  surrounded  by  this  phase,  Lai>ix  lyallii  often  forms  pure 
groves,  representing  an  edaphic  climax.    This  situation  has  not  been  recognized  as  a 
separate  habitat  type  because  of  the  limited  area  involved. 
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Menziesia  fevvuginea,  and  occasionally  Rhododendron  alhiflorym,  dominate  an  under- 
growth similar  in  other  respects  to  that  of  the  VASC  phase. 

Soil/Climate. — Soils  in  the  ABLA/LUHI  h.t.  were  derived  from  a  variety  of  noncal- 
careous  parent  materials  (appendix  D-1).     Surface  soils  were  very  acidic,  gravelly 
loams  to  silts.     Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depths 
averaged  about  4.5  cm. 

The  climate  is  characterized  by  short,  cool  summers  (mean  July  temperatures  55**  to 
59°  F)  with  only  a  2-  to  3 -month  growing  season.     Snowfall  and  snow  accumulations  sur- 
pass those  of  most  other  habitat  types  in  the  northern  Rockies.     Snow  covers  the  ground 
continuously  from  November  1  through  June  15  in  most  years.    Mean  annual  precipitation 
is  35  to  60  inches  in  Montana  stands.     Summer  drought  is  less  common  here  than  in  many 
other  habitat  types,  but  severe  windstorms  and  blizzards  limit  height  growth  and  damage 
trees  on  all  but  the  most  sheltered  sites. 

Productivity /Management. — Timber  productivity  is  generally  low,  although  a  few 
moist  sites  in  the  MEFE  phase  show  moderate  productivity  (appendix  E-3).     Stands  of 
large  Pioea  sometimes  develop  in  basins  and  on  sheltered  slopes.     Because  the  more  pro- 
ductive sites  are  often  associated  with  wet  soils,  logging  road  construction  may  present 
problems.     Clearcutting  may  make  regeneration  of  Tiaea  difficult  in  these  severe  envi- 
ronments (Pfister  1972b),  and  create  excessive  ground  water.     Partial  cuttings  are 
likely  to  incur  heavy  blowdov\m  losses,  as  in  high-elevation  Picea  stands  in  Colorado 
(Alexander  1973).     The  generally  low  productivity  and  problems  associated  with  manage- 
ment for  timber  production  suggest  minimal  development  on  these  sites,  at  least  until 
successful  methods  are  developed  and  proven. 

Light  summer  use  by  mule  deer,  elk,  and  bear  was  observed.     Domestic  stock  use  and 
potential  use  is  very  low.     This  habitat  type  is  a  major  source  for  summer  streamflow 
in  much  of  western  Montana.     Watershed  protection  and  enhancement,  as  well  as  maintenance 
of  esthetic  values  for  "high-county"  recreational  pursuits  are  of  primary  management 
importance . 

Other  studies. — Although  R.  and  J.  Daubenmire  (1968)  did  not  recognize  this  habitat 
type,  their  data  indicate  that  12  of  their  highest  elevation  ABLA/XETE  and  ABLA/MEFE 
stands  would  fit  in  ABLA/LUHI  or  TSME/LUHI  h.t.s  (table  6).     These  data  and  other  ob- 
servations suggest  that  ABLA/LUHI  is  probably  well  developed  in  parts  of  northern  Idaho, 
Also,  it  has  been  described  in  central  Idaho  and  in  the  Nezperce  National  Forest  by  Robert 
Steele  and  others  (1975  and  1976  preliminary  drafts,  USDA  Forest  Service,  Intermountain 
Station).     In  south-central  British  Columbia,  McLean  (1970)  described  an  Abies  lasio- 
carpa/Vaccini2Am  scoparium  h.t.,  Phyllodooe  empetriformis  phase  that  contains  Luzula 
and  is  apparently  similar  to  our  ABLA/LUHI  h.t.,  VASC  phase. 

Tsuga  mertensiana/Luzula  hitchoookii  h.t. 
{TSME/LUHI;  mountain  hemlock/ wood -rush) 

Distribution. — This  habitat  type  is  found  along  and  adjacent  to  the  Montana-Idaho 
Divide  from  Lolo  Pass  to  the  Cabinet  Gorge  between  about  6,000  and  6,500  feet  in  eleva- 
tion.   Although  it  covers  only  a  small  area  in  Montana,  it  is  evidently  much  more 
extensive  immediately  to  the  west  in  northern  Idaho.     More  than  half  of  R.  and  J. 
Daubenmire 's  stands  that  have  Luzula  spp.   (apparently  Luzula  hitchoookii')  have  Tsuga 
mertensiana  as  a  climax  dominant;  thus,  these  stands  are  comparable  to  our  TSME/LUHI 
h.t. 

Vegetation. --'X\\\s  habitat  type  has  vegetation  similar  to  the  ABLA/LUHI  h.t.  except 
for  the  addition  of  Tsuga  mertensiana  as  a  major  climax  component.     Tsuga  is  apparently 
the  sole  climax  dominant  in  some  stands,  but  forms  a  coclimax  with  Ahies  lasiocarpa 
in  others.    Most  of  R.  and  J.  Daubenmire 's  apparent  TSME/LUHI  sample  stands  had  only 
minor  amounts  of  tree  species  other  than  Tsuga  and  Ahies. 
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Vaooini-un  soopaviim  (VASC)  phase. — This  phase  is  associated  with  exposed  ridgetops 
and  southerly  exposures.    Undergrowth  is  dominated  by  Xevophyllum  tenasc  and  Vaccinium 
sooparium.     It  is  generally  comparable  to  the  ABLA/LUEI  h.t.,  VASC  phase  (table  6). 

Menziesia  fevruginea  (MEFE)  phase. --This  phase  is  associated  with  sheltered  slopes 
and  cool  aspects.     It  is  generally  comparable  to  the  ABLA/LUEI  h.t.,  MEFE  phase 
(table  6) . 

Soil/Climate. -Soils  appear  similar  to  those  described  for  the  ABLA/LUEI  h.t. 
(appendix  D-1) . 

The  type  occupies  the  most  maritime  of  the  high  subalpine  environments  in  the 
Northern  Rockies.    Annual  precipitation,  snowfall,  and  cloudiness  tend  to  be  greater 
than  in  the  ABLA/LUEI  h.t. 

Productivity /Management. — This  is  similar  to  the  ABLA/LUEI  h.t.,  based  on  limited 

data . 

Other  studies . --TSME/LUEI  h.t.  has  not  been  described  in  other  studies.  Comparable 
stands  from  northern  Idaho  were  classified  under  the  TSME/XETE  and  TSME/MEFE  h.t.s  by 
R.  and  J.  Daubenmire  (1968). 

TIMBERLINE  HABITAT  TYPES 

A  general  discussion  of  characteristics  and  management  implications  common  to  all 
of  the  timberline  habitat  types  is  presented  on  pages  79-81. 

Pinus  albioaulis- Abies  lasiooarpa  h.t.s 
(PIAL-ABLA;  whitebark  pine-subalpine  fir) 

Distribution. — PIAL-ABLA  h.t.s.  include  most  timberline  sites  in  Montana  and  the 
Northern  Rockies.     Our  PIAL-ABLA  h.t.s.  category  and  the  other  timberline  habitat  types 
encompass  more  variation  in  vegetational  composition  and  tree  life-forms  than  the  forest 
habitat  types  found  at  lower  elevations.     However,  there  seems  to  be  little  need  at  this 
time  to  subdivide  the  complex  undergrowth. 

Vegetation.  — Pinus  aVhicaulis,    Abies  lasiooarpa^  and  Picea  engetmannii  occur  in 
varying  amounts.    Abies  lasiooarpa  is  generally  not  vigorous  in  these  types;  it  is  often 
stunted,  wind-deformed,  and  shrublike  (fig.  42).     Saplings  grow  slowly,  and  on  many 
sites  this  species  reproduces  largely  through  layering  of  lower  branches.    The  superior 
hardiness  of  Pinus  albioaulis  and  Pioea  allows  them  to  coexist  with  the  more  shade- 
tolerant  Abies  at  timberline.    Often  Abies  is  capable  of  achieving  tree  size  only  in 
the  lee  of  the  protective  canopy  of  a  large  Pinus  or  Pioea. 

Undergrowth  is  quite  variable,  but  Vaooinium  sooparium,  Amioa  latifolia,  and 
Eieraoium  graoile  are  present  in  most  stands.    Luzula  hitohoookii  and  Xerophyllum 
are  also  prevalent  in  stands  west  of  the  Continental  Divide.    Mountain  heath-- 
Phyllodooe  empetriformisj  P.  glanduliflora,  and  Cassiope  mertensiana — is  common  in 
these  habitat  types  on  moist  sites,  especially  west  of  the  Continental  Divide.  On 
dry  sites,  especially  east  of  the  Continental  Divide,  the  undergrowth  is  often 
dominated  by  Junous  parry i,  Carex  rossii,  Festuoa  idahoensis  (F.  ovina) ^  or  Arenaria 
oongesta. 

Soil. — Soils  in    our  sample  stands     were  derived  primarily  from  sandstone  and 
argillite  parent  materials  (appendix  D-1).     Surface  soils  were  acidic  to  very  acidic, 
gravelly  loams  to  silts.     Ground  surfaces  averaged  13  percent  rock  and  6  percent  bare 
soil  exposed;  duff  depth  averaged  only  2.8  cm. 
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Figure  42. — A  Pinus  albicaulis-Abies  lasiocarpa  h.t.  on  an  east  exposure  (8,000  feet 
etev. )  on  limestone  substrate  west  of  Augusta  in  central  Montana.  Pinus 
albicaulis  and  scattered  Picea  form  the  over  story;  layered  saplings  of  Abies 
lasiocarpa  dominate  the  regeneration  layer ,  hut  maximum  height  attained  by  this 
species  is  only  20  feet.     Undergrowth  is  primarily  Vaccinium  scoparium. 


Other  studies. — A  Pinus  albicaulis-Abies  lasiocarpa  association  in  eastern 
Washington  and  northern  Idaho  was  described  briefly  by  R.  and  J.  Daubenmire  (1968)  as 
being  confined  to  small  areas  atop  the  highest  ridges  and  peaks,  where  it  forms  a  belt 
of  severely  stunted  "wind  timber."    By  contrast,  the  TIAL-ABLA  h.t.s  are  much  better 
developed  in  Montana,  and  at  least  25  mountain  ranges  support  alpine  tundra  above 
timberline.    Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  have  described  VIAL-ABLA  h.t.s  similar  to  ours  in  central  Idaho, 
except  that  Picea  is  generally  absent. 


Larix  lyallii- Abies  lasiocarpa  h.t.s 
{LALY-ABLA;  alpine  larch-subalpine  fir) 

Distribution. — LALY-ABLA  h.t.s  are  prevalent  on  cool  exposures  in  many  timberline 
areas  west  of  the  Continental  Divide  in  Montana.     {VIAL-ABLA   h.t.s  usually  occupy  the 
adjacent  warmer  exposures.)    LALY-ABLA  h.t.s  are  best  developed  on  granitic  and  quart- 
zite  substrates  where  there  has  been  little  if  any  soil  development;  they  occur  only  on 
limited  areas  of  finer  sedimentary  rock  (i.e.,  argil lites  of  the  Belt  Series),  and 
apparently  do  not  occur  on  limestone  (Arno  1970).     They  are  most  extensive  at  the 
highest  elevations  of  the  Bitterroot,  Anaconda-Pint lar,  and  Cabinet  Ranges,  but  are 
also  found  atop  the  Whitefish,  Swan,  south  Mission,  Sapphire,  and  Flint  Creek  Ranges, 
as  well  as  in  scattered  areas  of  Glacier  National  Park  and  the  headwaters  of  the  Teton 
and  Sun  Rivers  (Arno  and  Habeck  1972). 
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Vegetation. — Larix  lyatlii  is  a  long-lived  dominant  on  these  sites;  it  is  accom- 
panied by  variable  amounts  of  Pinus  alhicaulis^  Abies  lasiocarpa^  and  Picea  eng elmannii . 
At  the  highest  elevations  of  the  type,  Larix  lyallii  often  forms  pure  groves  of  erect 
trees  on  sites  that  are  above  the  "tree  limits"  of  the  evergreen  conifers  (fig.  43). 
Undergrowth  is  usually  dominated  by  combinations  of  Phyllodoce  empetrifoTmis,  Luzuta 
hitchcookii^  Vacciniim  scopariunij  and  severely  stunted  or  shrublike  Abies  lasiocarpa 
(Arno  and  Habeck  1972) . 

Soil. -Soils  were  derived  primarily  from  granite  and  quartzite  parent  materials, 
but  occasionally  from  noncalcareous  shale  and  argillite  (Amo  1970).     Surface  soils 
were  very  gravelly  loams  usually  ranging  from  3.9  to  5.7  in   pH.     Ground  surfaces  had 
large  amounts  of  rock  but  relatively  little  mineral  soil  exposed. 

Other  studies . --According  to  Arno  and  Habeck  (1972)  Larix  lyatlii  is  closely  re- 
stricted to  the  outer  fringe  of  the  maritime  mountain  environments  throughout  its 
distribution  in  the  northern  United  States  and  southern  Canadian  Rockies  and  along  the 
eastern  slope  of  the  northern  Cascades.    Moreover,  Larix  lyallii  has  a  nearly  constant 
association  with  cool  aspects  and  heavily  glaciated  acidic  rocky  sites  at  or  near 
climatic  timberline.     A  more  detailed  description  of  these  sites  is  available  in  Amo 
and  Habeck  (1972) . 


Figure  43. — A  Larix  lyallii-Abies  lasiocarpa  h.t.  at  the  head  of  a  drainage  (8^700  to 
9^000  feet  elev.)  in  the  Anaoonda-Pintlar  Range  north  of  Wisdom.     Larix  lyallii 
(turning  color)  and  scattered  Pinus  albicaulis    dominate^  with  stunted  Abies 
lasiocarpa  beneath  them.     Vaccinium  scoparium    and  Luzula  hitchcockii  are  the 
principal  undergrowth  plants. 
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Pinus  albicaulis  h.t.s 
(PIAL;  whitebark  pine) 


Distribution. — PIAL  h.t.s  are  rather  common  atop  the  drier  mountain  ranges  east 
of  the  Continental  Divide  on  sites  apparently  too  dry  for  Abies  lasioaarpa  and  near 
or  above  the  cold  limits  of  Pseudotsuga  and  Pinus  ftexiHs.     These  types  occur  from 
the  climatic  timberline  downward  on  exposed  ridges  and  south  slopes.    Thus,  they  do 
not  always  represent  cold  timberline  conditions,  but  sometimes  occur  where  tree  growth 
is  limited  by  drought  within  the  upper  subalpine  zone.     Below  that  point,  Pseudotsuga 
becomes  the  indicated  climax  (Pseudotsuga  series) ,  although  Pinus  albicaulis  may  remain 
well  represented  as  a  persistent  serai  species. 

Vegetation. — Pinus  albicaulis  is  the  only  tree  species  found  in  appreciable 
quantity  in  the  PIAL  h.t.s  (fig.  44).     Other  timberline  conifers  apparently  require 
more  moisture. 

Undergrowth  is  variable,  ranging  from  essentially  pure  Vaocinium  scoparium  on  the 
highest,  least-droughty  sites,  to  Carex  geyeri  (or  occasionally  Juncus  parryi)  on  drier 
sites,  and  ultimately  to  Festuca  iddhoensis  (F.  ovina)  and  dry-site  forbs  on  the  most 
arid  sites  capable  of  supporting  trees.    Adjacent  drier  sites  are  occupied  by  subalpine 
grasslands,  while  more  moist  sites  (e.g.,  northerly  exposures  or  less  windy  exposures) 
usually  support  the  PIAL-ABLA  or  ABLA-PIAL/VASC  h.t.s. 


Figure  44. --A  Pinus  albicaulis  h.t.  on  a  steep  southwest  exposure  (7^900  feet  elev.) 
on  limestone  substrate  in  the  Little  Belt  Mountains  of  central  Montana.     The  stand 
is  composed  of  many-aged  Pinus  albicaulis  with  widely  scattered^  stunted  saplings 
of  Pseudotsuga  and  Abies  lasiocarpa.     Undergrowth  is  an  extensive  mixture  of  dry- 
meadow  forbs  and  grasses. 
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Soil. — Our  stands  were  on  a  variety  of  parent  materials  (appendix  D-1) .  Surface 
soils  were  gravelly  silt  loams  and  silts  ranging  from  slightly  basic  (on  calcareous 
substrates)  to  slightly  acidic.     Ground  surfaces  had  little  rock  or  bare  soil  exposed; 
duff  depths  averaged  only  2.7  cm. 

Other  studies. — Weaver  and  Dale  (1974)  described  a  Pinus  alhicaulis/VaQciniwn 
scoparium  association  in  central  Montana  which  is  similar  to  the  coldest  and  least 
droughty  of  our  PIAL  h.t.s.     In  northwestern  Wyoming,  Cooper  (1975)  also  described  a 
Pinus  athicaulis/Vaceinium  scoparium  h.t.  in  addition  to  a  Pinus  albicaulis/Carex  geyeri 
h.t.,  Pinus  alhicaulis  phase;  both  of  these  can  be  considered  subdivisions  of  our  PIAL 
h.t.s.     However,  none  of  these  are  similar  to  the  Festuoa  and  dry-forb  dominated  under- 
growth situations  we  found  in  Montana.     Reed  (1976)  designated  a  Pinus  alhioaulis/ 
Vacoiniwn  scoparium  h.t.  in  the  Wind  River  Mountains  of  Wyoming.     However,  some  of  his 
stands  did  not  contain  V,  scoparium.     IVe  have  followed  the  method  of  Robert  Steele  and 
others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station);  they  recog- 
nized PIAL  h.t.s.  in  central  Idaho  and  used  the  plural  to  denote  their  diversity,  but 
did  not  formally  subdivide  the  category. 

Pinus  contorta  Series 

Distribution. --This  series  consists  of  essentially  pure  stands  of  Pinus  contorta 
in  which  there  is  insufficient  evidence  to  indicate  that  other  species  constitute  the 
potential  climax.    These  stands  occur  on  extensive  areas  in  Montana,  primarily  at 
elevations  of  5,000  to  7,500  feet  east  of  the  Continental  Divide.    They  are  typically 
located  on  well-drained  upland  sites  with  gentle  topography.    This  series  is  similar 
environmentally  to  the  colder  part  of  the  Pseudotsuga  series,  the  drier  part  of  the 
Picea  series,  and  the  warm,  dry  part  of  the  Ahies  lasiocarpa  series. 

Vegetation. almost  exclusive  dominance  of  Pinus  contorta  may  be  due  to  these 
factors : 

1.  Historic,  repeated  wildfires  over  large  areas  may  eliminate  seed  sources  of 
potential  shade-tolerant  competitors. 

2.  Light  ground  fires  may  remove  invading  shade-tolerant  competitors  from  the 
understory. 

3.  Dense  stands  may  prevent  regeneration  of  all  conifers  for  up  to  200  years  in 
the  absence  of  disturbance  or  stand  deterioration. 

4.  Sites  may  be  unfavorable  for  the  establishment  of  other  conifers.     (In  Montana, 
the  best  example  of  this  situation  is  the  PICO/PUTR  h.t.) 

Initially  we  selected  82  stands  in  which  Pinus  contorta  was  the  nearly  exclusive 
dominant.    About  half  of  these  stands  had  enough  other  conifers  (Pseudotsuga,  Picea, 
and  Ahies  lasiocarpa)  to  suggest  eventual  replacement  of  Pinus  contorta',  thus,  they  were 
also  analyzed  within  that  indicated  series.    After  analyzing  the  82  stands,  we 
recognized  12  groups  of  communities.     One  group  had  definite  evidence  of  climax 
potential  for  Pinus  contorta,  unique  undergrowth,  and  unique  environmental  features; 
it  was  designated  as  the  PICO/PUTR  h.t.   (fig.  45).     Seven  groups  appeared  to  represent 
serai  communities  of  other  habitat  types;  these  stands  were  removed  from  the  Pinus 
contorta  series  and  placed  in  their  appropriate  habitat  types.    The  remaining  four 
groups  had  undergrowth  similar  to  that  of  habitat  types  in  other  series,  but  were 
defined  as  community  types  (c.t.)  in  the  Pinus  contorta  series  to  indicate  that 
Pinus  contorta  could  possibly  be  the  potential  climax  dominant  (fig.  46).  Another 
reason  for  recognizing  these  four  groups  as  distinct  community  types  was  to  facilitate 
field  identification.    Also,  from  a  practical  standpoint,  it  appears  most  reasonable 
to  manage  them  as  if  Pinus  contorta  were  the  potential  climax  dominant. 


115 


Figure  45. — Pinus  contorta/Purshia  tridentata  h.t.  on  flat  ground  (6^  600  feet  elev.  ) 
at  West  Yellowstone^  Montana.     Pinus  contorta  is  the  only  tree  sipeoies  and  is  regen- 
erating success  fully  in  undisturbed  stands.     Purshia  is  the  dominant  und.ergrowth  pi 
plant.  cl 

'  Da 

Figure  46. — Pinus  contort a/Vaccinium  scoparium  community  type  on  a  gentle  southwest-  Ad 

facing  slope  (7^  000  feet  elev.)  southwest  of  Helena.     Pinus  contorta  is  virtually  Of 

the  only  tree  species  and  is  regenerating  successfully;  however ^  there  is  also  re 

widely  scattered  regeneration  of  Abies  lasiocarpa  and  Picea.    Vaccinium  scoparium  de; 

forms  the  principal  undergrowth.  se: 


In  field  identification  it  is  important  to  remember  that  all  Pinus  contovta- 
dominated  stands  do  not  belong  in  this  series.     Stands  with  good  representations  of 
shade-tolerant  competitors  are  clearly  early  successional  stages  and  should  be  clas- 
sified as  habitat  types  in  other  series.     Dense,  stagnated,  young  stands  may  not  allow 
regeneration  of  any  species.     By  observing  nearby  seed  sources  and  comparing  these 
sites  with  similar  sites  supporting  less  dense  stands,  one  can  determine  whether  the 
stand  represents  a  serai  stage  within  another  series  or  a  possible  Pinus  contorta 
climax. 

Soil/ Climate . -Soils  throughout  the  Pinus  contorta  series  are  derived  from  a  wide 
variety  of  noncalcareous  parent  materials  (appendix  D-1) .     Surface  soils  range  from 
acidic  to  very  acidic,  and  are  generally  gravelly  with  a  broad  range  of  textures  from 
coarse  loamy  sands  to  silts.     Ground  surfaces  have  small  amounts  of  rock  or  bare  soil 
exposed,  and  moderate  duff  accumulations.     The  only  known  weather  station  within  the 
Pinus  contorta  series  in  Montana  is  West  Yellowstone  (appendix  D-2) . 

Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E) . 
Based  upon  present  evidence,  Pinus  contorta  is  the  only  tree  species  that  can  be 
managed  successfully.    Monoculture  seems  inevitable,  but  flexibility  is  available  in 
silvicultural  practices  due  to  lack  of  competing  conifers.     Stands  show  evidence  of 
light  use  (primarily  spring  to  fall)  by  mule  deer,  elk,  and  occasionally  moose.  Water 
yield  should  be  moderately  high  and  subject  to  management  by  manipulation  of  vegetation. 
The  gentle  topography  is  well  suited  to  many  management  activities;  however,  the 
esthetic  appeal  of  these  forests  may  be  limited  somewhat  by  their  monotonous  character. 

Other  studies . --V fist er  and  Daubenmire  (1975)  listed  the  current  references  to 
plant  communities  in  the  northwestern  United  States  which  refer  to  Pinus  contorta  as 
climax.     The  Pinus  contorta/Purshia  tridentata  communities  described  by  Youngberg  and 
Dahms  (1970)  in  Oregon  appear  similar  to  the  PICO/PUTR  h.t.  of  southern  Montana. 
Additionally,  the  Pinus  contorta/Vaccinium  uliginoswn  community  listed  by  Franklin  and 
Dyrness  (1973) --in  which  Vaccinium  caespitosum  is  a  characteristic  species--may  be 
related  to  our  Pinus  contorta/Vaccinium  caespitosum  community  type.    Moir  (1969)  also 
described  a  zone  in  Colorado  where  Pinus  contorta  is  either  climax  or  in  a  prolonged 
serai  stage.     Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  described  one  Pinus  contorta  habitat  type  and  several  community 
types  in  central  Idaho.     Cooper  (1975)  described  a  Pinus  contorta  habitat  type,  as 
well  as  almost  pure  Pinus  contorta  stands  within  two  other  habitat  types,  in  the 
northwest  Wyoming  vicinity.     Hoffman  and  Alexander  (1976)  and  Reed  (1976)  described  a 
total  of  three  Pinus  contorta  h.t.s  in  Wyoming. 

Pinus  contorta/Purshia  tridentata  h.t. 
(PICO/PUTR;  lodgepole  pine/bitterbrush) 

Distribution. — This  habitat  type  has  been  observed  only  on  obsidian-sand  benchland 
of  alluvial  origin  in  the  vicinity  of  West  Yellowstone,  Montana.     It  covers  an  area  of 
perhaps  100  square  miles  at  an  elevation  of  approximately  6,600  feet. 

At  one  point  a  rhyolite  monolith  (Horse  Butte)  rises  about  300  feet  in  elevation 
from  within  this  area;  it  supports  an  ABLA/CARU  h.t.  on  northerly  exposures,  grassland 
on  south  exposures,  and  distinctive  Populus  tremuloides-Picea  groves  on  the  small  area 
of  flat  terrain.     Growth  rates  of  Ahies  lasiocarpa^  Picea^  and  Pseudotsuga  menziesii 
are  excellent  on  Horse  Butte,  but  these  species  do  not  invade  the  adjacent  obsidian-sand 
benchland.     Because  summer  frosts  are  frequent  at  West  Yellowstone  (appendix  D-2) , 
these  benchland  sites  are  probably  too  frosty  for  Pseudotsuga  and  too  dry  (excessively 
well  drained)  for  Ahies  and  Picea. 

Vegetation. -Stands  are  moderately  open  with  numerous  age  classes  (apparently  all 
aged)  of  self -replacing  Pinus  contorta. 
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The  undergrowth  is  sparse,  with  Purshia  tvidentata  the  most  prominent  plant. 
Scattered  patches  of  Aratostaphylos  uva-ursi  are  usually  found;  forbs  include  Phlox 
multiflora^  Antennaria  microphylla^  Lupinus  spp. ,  and  Crepis  acuminata;  graminoids 
include  Carex  rossiij  Sitanion  hystrix^  Danthonia  inteTmedia^  Poa  nervosa^  and  Agropyron 
spicatwn,     Purshia  is  locally  scarce  on  recently  burned  land,  but  its  seedlings  usually 
reinvade  within  a  few  years. 

Soil . -Soils  in  the  PICO/PUTR  h.t.  were  derived  from  obsidian-sand  alluvial  out- 
wash.     Surface  soils  are  coarse  sandy  loams  with  acidic  reactions.     Ground  surfaces  had 
no  bare  soil  or  surface  rock  exposed;  litter  depth  ranged  from  2  to  5  cm.    Cooper  (1975) 
observed  that  the  obsidian-sand  outwash  is  often  underlain  by  lake  silts;  he  provides  a 
more  detailed  description  of  soil  characterisitcs  for  the  same  sampling  area. 

Productivity /Manag ement . --Timber  productivity  is  low  (appendix  E-4)  because  of  low 
site  indexes  and  stockability  limitations.     Cone  serotiny  (closed  cones)  averaged  40 
percent  in  our  three  sample  stands.     In  an  earlier  study,  Lotan  (1967)  found  38  percent 
serotiny  in  the  same  area,  compared  with  58  percent  serotiny  in  an  adjacent  upland  stand 
on  a  different  habitat  type.    The  open  cone  habit  aids  development  of  all-aged  stands, 
while  cone  serotiny  insures  stand  replacement  following  an  intense  wildfire. 

Stermitz  and  others  (1974)  studied  the  relationship  of  soil  characteristics  to 
Pinus  contorta  regeneration  in  the  West  Yellowstone  area  (PICO/PUTR  h.t.).     They  found 
a  strong  positive  correlation  between  seedling  survival  and  amount  of  fine  material 
(silt  plus  clay)  in  the  soil. 

In  addition  to  being  hampered  by  coarse  (droughty)  soils,  regeneration  may  be  re- 
tarded by  frost  damage,  since  natural  regeneration  was  observed  to  be  more  successful 
in  shaded  than  in  cleared  areas. 

Mule  deer  and  moose  appear  to  use  the  type  heavily,  at  least  during  summer. 

Other  studies . --Cooper  (1975)  sampled  seven  stands  (compared  with  our  three)  in 
the  West  Yellowstone  area,  and  provided  a  detailed  description  of  this  habitat  type. 
Youngberg  and  Dahms  (1970)  described  a  very  similar  climax  community  type  on  well- 
drained  pumice  soils  in  frost  pockets  in  central  Oregon. 

Pinus  contorta/Vaccinium  caespitosum  community  type 
(PICO/VACA  c.t.;  lodgepole  pine/dwarf  huckleberry) 

distribution. — The  PICO/VACA  c.t.  occurs  mostly  east  of  the  Continental  Divide  on 
benches  and  gentle  slopes.     Stands  were  most  commonly  found  on  the  Beaverhead  and  Lewis 
and  Clark  National  Forests,  between  6,200  and  7,200  feet  in  elevation.    A  few  stands 
were  sampled  west  of  the  Divide  near  Kalispell,  Lincoln,  and  Philipsburg  at  4,800  to 
6,500  feet. 

Vegetation. — Most  stands  showed  evidence  of  possible  succession  to  the  ABLA/VACA 
h.t.,  which  is  also  normally  dominated  by  Pinus  contorta.     A  few  stands  found  on  drier 
sites  may  be  on  a  PSME/VACA  h.t.,  and  one  stand  located  on  coarse  granitic  sand  in  the 
Wise  River  drainage  (Beaverhead  National  Forest)  appeared  to  be  Pinus  contorta  climax. 
The  latter  stand  was  apparently  too  frosty  for  Pseudotsuga  and  too  dry  for  Abies 
lasiocarpa  and  Picea.     (Note  that  serai  stands  dominated  by  Pinus  contorta,  but  having 
an  understory  in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to 
as  a  successional  stage  of  another  habitat  type.) 

Vaccinium  caespitosum  is  normally  well  represented  and  codominant  with  Calamagrostis 
rubescens  in  the  undergrowth.     Vaccinium  scoparium  and  Arctostaphylos  uva-ursi  are  often 
well  represented  and  Linnaea  borealis  is  often  present  on  moist  sites. 
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Soil . --Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-1).     Surface  soils  ranged  from  gravelly  to  nongravelly,  from  sandy  loams  to  silts, 
and  from  very  acidic  to  acidic.    Ground  surfaces  had  virtually  no  rock  or  mineral  soil 
exposed;  duff  depths  averaged  4.8  cm. 

Produot'iv'ity/Mariagement . --Timber  productivity  is  moderate  (appendix  E-4) .  Pinus 
contorta  is  the  only  species  that  can  be  managed  with  assurance  of  success.  Planting 
of  other  conifers  should  be  conducted  only  on  an  experimental  basis.     Other  management 
implications  are  similar  to  those  for  the  ABLA/VACA  h.t.  or  the  PSME/VACA  h.t.s  east 
of  the  Continental  Divide. 

Other  studies . --Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  also  recognized  this  community  type  in  central  Idaho. 

Pinus  contorta/ Linnaea  borealis  community  type 
(PICO/LIBO  c.t.;   lodgepole  pine/twinf lower) 

Distribution. --PICO /LIBO  c.t.  is  common  near  and  east  of  the  Continental  Divide, 
mostly  between  elevations  of  5,600  and  7,200  feet;  it  is  infrequently  found  farther 
west.     Sites  are  on  benchlands  or  north-facing  midslopes. 

Vegetation. -Seven  of  our  sample  stands  were  possibly  successional  stages  of  the 
ABLA/LIBO  h.t.,  VASC  phase.    Three  stands  might  have  been  attributed  to  the  PICEA/LIBO 
h.t.  and  one  to  the  PSME/LIBO  h.t.     Six  stands  had  no  indication  of  climax  other  than 
Pinus  contorta.     (Note  that  serai  stands  dominated  by  Pinus  contorta,  but  having  an 
understory  in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to  as 
a  successional  stage  of  another  habitat  type.) 

Undergrowth  in  the  PICO/LIBO  c.t.  is  dominated  by  various  combinations  of  Vaccinium 
globulare^  V.  scopariurUj  and  Calamagrostis  rubescens,  apparently  reflecting  the  adjacent 
habitat  types;  however,  Linnaea  borealis  is  common  throughout. 

Soil. — Soils  were  derived  from  a  variety  of  noncalcareous  parent  materials.  Sur- 
face soils  were  acidic  to  very  acidic  sandy  loams  to  silts.     Gravel  content  averaged 
21  percent.    Ground  surfaces  had  little  surface  rock  and  no  bare  soil  exposed;  duff 
depth  averaged  greater  than  6  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E) .  Pinus 
contorta  is  the  only  species  that  can  be  managed  with  assurance  of  success.  Planting 
of  other  conifers  should  be  conducted  only  on  an  experimental  basis.     Deer,  elk,  and 
moose  evidently  use  these  areas  lightly  from  spring  to  fall. 

Other  studies.  —  In  central  Idaho,  Robert  Steele  and  others  (1975)  found  some 
Pinus  ccntcrta-dominated  communities  with  Linnaea  in  the  undergrowth,  but  they  attributed 
these  to  their  ABLA/LIBO  h.t. 

Pinus  contorta/ Yaccinium  scoparium  community  type 
(PICO/VASC  c.t.;  lodgepole  pine/grouse  whortleberry) 

Distribution. — PICO/VASC  c.t.  occurs  on  relatively  cold,  dry  sites  on  all  exposures, 
mostly  near  and  east  of  the  Continental  Divide.    Most  sample  stands  are  found  on  gentle 
middle  and  upper  slopes  or  broad  ridgetops  at  6,000  to  7,700  feet. 

Vegetation. -Stands  are  typically  even-aged  and  dominated  almost  exclusively  by 
Pinus  contorta.     Some  of  the  more  open  stands  have  Pinus  contorta  regeneration  with 
widely  scattered  shade-tolerant  conifers.     Eight  stands  at  higher  elevations  (mostly 
over  7,000  feet)  were  similar  to  the  ABLA/VASC  h.t.,  VASC  phase,  except  for  scarcity 
of  Abies  lasiocarpa.     In  the  remaining  12  stands,  at  5,800  to  7,100  feet,  Calamagrostis 
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Tuhescens  and  Arctostaphylos  were  common.     Four  of  these  were  suggestive  of  ABLA/VASC 
h.t.,  CAlRJJ  phase;  four  were  indicative  of  a  Pseudotsuga  climax;  and  four  were 
essentially  pure  Pinus  oontorta.    The  presence  of  limited  amounts  of  Pseudotsuga 
does  not  preclude  the  possibility  that  the  stands  could  also  support  Pioea  or  Abies 
at  climax.     (Note  that  serai  stands  dominated  by  Pinus  oontorta^  but  having  an  under- 
story  in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to  as  a 
successional  stage  of  another  habitat  type.) 

Vaccinium  sooparium  is  well  represented  and  usually  dominates  the  undergrowth. 

Calamagrostis  rubescens  and  Arctostaphylos  uva-ursi  are  common  associates  at  lower 
elevations.    Carex  geyeri  and  Arnica  cordifolia  are  often  conspicuous. 

Soil . -Soils  were  derived  from  a  broad  variety  of  noncalcareous  parent  materials 
(appendix  D-1) .     Surface  soils  were  gravelly  sandy  loams  to  silts  with  very  acidic  to 
acidic  reactions.     Ground  surfaces  had  an  average  of  5  percent  rock  but  little  bare 
soil  exposed;  duff  depth  averaged  4.7  cm. 

Productivity /Management.  —  Timber  productivity  is  low  to  moderate  (appendix  E-4} . 
Pinus  contorta  is  the  only  species  that  can  be  managed  with  assurance  of  success. 
Planting  of  other  conifers  should  be  done  only  on  an  experimental  basis.     Mule  deer, 
elk,  and  occasionally  moose  use  the  areas  lightly  during  the  summer.     Other  management 
implications  should  be  comparable  to  those  for  the  VASC  and  CARU  phases  of  the  ABLA/ 
VASC  h.t. 

Other  studies . --Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  also  recognized  a  PICO/VASC  community  type  in  central 
Idaho.     However,  Hoffman  and  Alexander  (1976)  designated  a  similar  situation  as  a 
habitat  type  in  Wyoming's  Bighorn  Mountains. 

Pinus  contorta/Calamagrostis  rubescens  community  type 
(PICO/CARU  c.t.;  lodgepole  pine/pinegrass) 

Distribution. — PICO/CARU  c.t.  is  found  near  and  east  of  the  Continental  Divide  at 
5,900  to  6,800  feet  on  cool  exposures  and  benches,  and  between  6,600  and  7,500  feet 
on  south-facing  slopes. 

Vegetation. — An  overstory  of  nearly  pure  Pinus  contorta  is  combined  with  a  grassy 
undergrowth  of  Calamagrostis  rubescens  and  associates,  often  including  Carex  geyeri  as 
well  as  Arnica  cordifolia  or  various  other  forbs.     The  three  sample  stands  at  lowest 
elevation  (5,900  to  6,500  feet)  had  Arctostaphylos  uva-ursi  or  Spiraea  betulifolia 
associated  with  Calamagrostis,  and  were  suggestive  of  the  PSME/CARU  h.t.,  CARU  phase. 
Stands  at  higher  elevations  (6,700  to  7,500  feet)  had  little  evidence  of  the  potential 
climax.     (Note  that  serai  stands  dominated  by  Pinus  contorta,  but  having  an  understory 
in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to  as  a  successional 
stage  of  another  habitat  type.) 

iSciZ.. --Soils  were  derived  primarily  from  igneous  parent  materials  (appendix  D-1). 
Surface  soils  were  acidic  sandy  loams  to  silts  with  average  gravel  content  of  22  per- 
cent.    Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depths  averaged 
2.6  cm . 

Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E-4). 
Pinus  contorta  is  the  only  species  that  can  be  managed  with  assurance  of  success. 
Planting  of  other  conifers  should  be  conducted  only  on  an  experimental  basis.  Other 
management  implications  should  be  similar  to  those  for  the  PSME/CARU  h.t.,  CARU  phase, 
or  the  ABLA/ CARU  h.t. 

Other  studies .- -Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  described  a  similar  community  type  for  central  Idaho. 
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Cooper  (1975,  p.  35)  described  pure  Pinus  contorta  communities  in  the  Ashton-Henry ' s 
Lake  area  of  Idaho,  which  he  attributed  to  the  PSME/CABU  h.t.     We  would  have  left  the 
question  of  climax  on  those  sites  open  by  assigning  them  to  a  PICO/CARU  c.t. 

Other  Vegetation  Types 

The  current  classification  does  not  define  habitat  types  for  all  tree-covered  areas 
in  the  State.     North-central  and  northeastern  Montana  were  not  sampled.     (Dr.  Lee 
Eddleman  of  the  University  of  Montana  Forestry  School  is  directing  a  cooperative  study 
of  forest  habitat  types  in  north-central  Montana  to  be  completed  in  1978) .     Also  not 
sampled  were  a  few  forest-grassland  transitions,  and  some  sites  where  succession  toward 
climax  is  frequently  disrupted  by  flooding.     These  areas  do  represent  unique  sites  for 
plant  community  development  and  habitat  type  classifications  could  be  developed  for 
them  in  future  studies.     For  sites  where  physical  disturbance  is  part  of  the  natural 
environment,  classification  can  be  based  on  the  types  of  relatively  stable  plant 
communities  that  occur.     The  following  communities  are  recognizable,  based  upon  limited 
sampling  (i.e.,  SCREE),  observations,  and  cited  reports: 

FORESTED  SCREE  COMMUNITIES  (SCREE) 

Slopes  covered  with  rock  fragments  are  variously  referred  to  in  the  literature  as 
talus,  scree,  or  rock  debris.    We  have  chosen  to  use  the  broad  sense  of  the  term 
"scree"--that  is,  any  slope  covered  with  loose  rock  fragments  (Fairbridge  1968).  The 
term  is  derived  from  the  Old  Norse  word  "skritha"  which  literally  means  "landslide, 
or  the  rock  that  slides  away  under  the  foot"  (Gary  and  others  1972) .     Many  of  these 
sites  are  treeless,  but  those  with  finer  rock  often  support  an  open  forest  cover. 
Ecologically,  such  stands  can  be  considered  as  topo-edaphic  climaxes,  where  the  vege- 
tation reaches  a  quasi -equilibrium  with  the  constantly  shifting  substrate. 

Forest  vegetation  on  scree  appears  as  a  scattered,  open  stand  of  trees  with  a 
sparse  undergrowth  (fig.  47).     Differences  in  size  of  rock  fragments  and  rates  of 
movement  cause  heterogeneity  in  vegetation  development  on  a  given  site,  and  normal 
succession  is  constantly  interrupted.     Thus,  the  species  composition  is  extremely 
variable,  with  some  of  the  common  indicator  species  of  other  habitat  types  appearing 
unpredictably.    Vegetation  data  from  16  sample  stands  are  listed  in  appendix  C. 

Our  preliminary  western  Montana  classification  (1972)  identified  a  Pinus  ponderosa 
or  Pseudotsuga/^^SCREE^^  h.t.    Further  observations  statewide  showed  Pinus  flexilis  and 
Abies  tasiocarpa  also  to  be  associated  with  scree.     It  would  be  possible  to  reflect 
the  general  climate  by  identifying  forested  scree  sites  as  habitat  types  within  a 
series.     However,  because  of  the  dominant  topo-edaphic  influence  and  the  variability 
involved,  we  prefer  to  group  all  these  sites  under  the  general  heading  of  Forested 
Scree  (abbreviation  "SCREE") .     In  the  key,  SCREE  is  separated  out  first  at  the  series 
level  to  prevent  users  of  the  classification  from  trying  to  force  a  habitat  type  name 
on  these  sites. 

SCREE  is  most  often  found  on  steep  (greater  than  30  degrees),  dry,  south-  to 
west-facing  slopes;  it  occurs  over  a  broad  elevational  range--5,000  to  6,700  feet  in 
our  few  samples  taken  east  of  the  Continental  Divide,  and  3,100  to  7,150  feet  west  of 
the  Divide.     It  is  most  abundant  along  the  canyons  of  major  streams.     SCREE  sometimes 
occurs  on  northerly  aspects  and  occasionally  as  high  as  the  upper  subalpine  forest  zone. 

SCREE  is  characterized  by  steep,  unstable  slopes,  lack  of  soil  development, 
stockability  limitations,  low  site  productivity,  and  regeneration  difficulty.    Uses  of 
these  sites  should  be  restricted  to  those  which  occur  naturally,  such  as  use  by  wildlife. 
Hazards  are  too  high  and  opportunities  too  low  to  attempt  intensive  management. 
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Figure  47. — Forested  scree  on  a  steep  southwest  eocposure  (5^800  feet  elev.)  southuest 
of  Augusta  in  central  Montana.     Pinus  flexilis  and  Pseudotsuga  are  the  principal 
tree  species.     Arctostaphylos  uva-ursi,  Juniperus  communis,  Potentilla  fruticosa, 
Prunus  virginiana,  Shepherdia  canadensis,  and  Acer  glabrum  are  the  common  under- 
growth plants. 

At  high  elevations,  sites  composed  of  large  boulders  are  often  treeless  except 
for  islands  of  stable  vegetation  attributable  to  specific  habitat  types--such  as  ABLA/ 
LUEI,  ABLA/MEFE,  and  ABLA-PIAL/VASC .     Islands  of  a  given  habitat  type  thus  may  occur 
within  a  nonforested  scree  situation.    The  LALY-ABLA  h.t.s  occupy  boulder-covered  sites 
that  are  relatively  stable. 

BOTTOMLAND  HARDWOOD  FORESTS 

These  riparian  forests  are  dominated  by  species  of  Populus,  Salix,  Betula,  and 
AlnuSj  and  by  arborescent  shrubs  including  Cornus  stolonifera,  Samhuous  coerulea,  Sorbus 
scopulina^  Acer  glabrum^  Crataegus  spp.  ,  and  Prunus  spp.    They  extend  along  rivers  from 
the  mountain  forests  far  out  into  semiarid  grasslands.     Because  of  periodic  destructive 
flooding,  along  with  changes  in  stream  channels  and  sedimentation,  climax  is  rarely 
approached,  even  though  conifers  may  be  present  with  the  hardwoods.     Despite  frequent 
disturbance,  relatively  stable  plant  communities  develop  and  are  identifiable.  Analysis 
is  complicated  because  these  riparian  forests  are  heavily  grazed  and  otherwise  disturbed 
by  man's  activities.     Only  a  few  undisturbed  stands  remain,  usually  on  islands  in  the 
major  rivers. 

The  following  community  types  seem  to  exist,  although  stands  were  not  sampled: 

Populus  trichocarpa-Pinus  ponderosa  Communities. — These  are  prevalent  along  the 
major  alluvial  valleys  below  about  4,000  feet  elevation  west  of  the  Continental  Divide, 
especially  in  west-central  Montana.     Foote  (1965)  sampled  and  described  some  of  these 
stands. 
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Populus  triohocarpa-Betula  papyrifera  Communities. — These  occur  at  lower  elevations 
(below  about  3,500  feet)  in  relatively  wet  areas  of  northwestern  Montana,  such  as  the 
upper  Flathead  Valley.    They  often  contain  Pioea  glauoa  X  engelmannii^  and  sometimes 
appear  to  be  successional  to  Picea  habitat  types  in  the  absence  of  severe  flooding. 

Populus  tpic/zocoppa  Communities . — These  are  widespread  at  lower-to-middle  eleva- 
tions (below  6,000  feet),  especially  east  of  the  Continental  Divide  in  broad  valleys 
isolated  from  the  conifer  forests  or  locally  out  of  the  range  of  Pinus  pondevosa.  The 
Jefferson,  Gallatin,  and  Yellowstone  River  valleys  support  particularly  extensive  stands. 
In  eastern  Montana,  comparable  communities  are  dominated  by  the  closely  related  Populus 
deltoides . 

Salix-Betula  ocoidentalis  Communities. —  These  occur  in  the  high  valleys  near  or 
east  of  the  Continental  Divide,  mostly  between  5,500  and  7,000  feet  elevation.  They 
are  composed  of  small  shrubby  trees  (10  to  20  feet  tall)  and  are  apparently  associated 
with  sites  too  cold  for  Populus  tviohocarpa.     Examples  include  the  Flint  Creek  and 
other  headwater  valleys  of  the  Clark  Fork  River  west  of  the  Divide,  and  the  Bighole, 
upper  Madison,  and  other  high  valleys  of  southwestern  Montana. 

POPULUS  TREMU LOWES  STANDS 

Populus  tremuloides  Climax  Communities. — Pure  stands  of  Populus  tvemuloides  are 
found  in  the  prairies  immediately  east  of  Glacier  National  Park.     These  self -perpetuating 
aspen  stands  are  apparently  the  southward  extension  of  the  broad  Canadian  groveland 
found  at  the  foot  of  the  Rockies  in  Alberta  and  extending  east  across  Alberta  and  Sas- 
katchewan into  southwestern  Manitoba  and  adjacent  Minnesota  (Lynch  1955).  Climax 
aspen  stands  apparently  related  to  this  groveland  were  noted  in  the  current  study  as 
far  south  as  Augusta  (west  of  Great  Falls).     It  is  evident  that  the  aspen  groves  have 
more  soil  moisture  than  the  adjacent  grassland  (Lynch  1955).     Conifers  are  at  best 
marginally  present  in  these  situations  and  their  reproduction  may  be  prevented  by  abun- 
dant Populus  and  luxuriant  undergrowth  (Pfister  1972a) .     Small  patches  of  climax  aspen 
groveland  may  also  occur  to  a  limited  extent  farther  south  in  Montana,  near  or  east  of 
the  Continental  Divide.     Reed  (1971),  Wirsing  (1973),  and  Hoffman  and  Alexander  (1976) 
described  three  Populus  tremuloides  habitat  types  in  Wyoming. 

Populus  tremuloides -Conifer  Communities. — Most  aspen  groves  in  the  Montana  Rockies 
are  quite  small,  and  occur  within  or  adjacent  to  conifer  forest;  they  have  apparently 
been  perpetuated  by  periodic  wildfires  (Habeck  1970;  Cooper  1975) .     With  the  current 
suppression  of  such  fires,  and  especially  where  elk  and  other  animals  feed  heavily  on 
aspen,  succession  favoring  Ahies  lasiocarpa^  Picea,  or  Pseudotsuga  is  evident  (Krebill 
1972).     Conifer  regeneration  is  also  apparent  in  many  aspen  stands,  including  those 
at  the  foot  of  the  mountains  on  the  eastern  side  of  Glacier  National  Park  (Habeck  1970) . 
Presumably,  stands  with  good  representations  of  conifers  should  key  to  conifer  habitat 
types.     Cooper  (1975)  has  also  described  Populus  tremuloides  stands  in  northwestern 
Wyoming  where  they  are  more  extensive. 

JUNIPERUS  WOODLANDS 

Stands  of  essentially  pure  Juniperus  scopulorum  cover  small  areas  on  rocky,  dry 
sites  in  the  higher  valleys  near  the  Continental  Divide.     We  noted  such  stands  in  the 
vicinities  of  Drummond,  Butte,  Whitehall,  and  in  the  northern  part  of  the  Madison  Range, 
but  did  not  sample  them.     These  coniferous  woodlands,  found  well  below  the  forest 
proper,  are  apparently  a  northern  extension  of  the  Great  Basin  "Pinyon/ juniper"  zone. 

More  commonly,  Juniperus  scopulorum  is  a  minor  associate  with  other  conifers  on 
low-elevation  sites  within  the  Pinus  flexilis,  Pseudotsuga,  and  ^inus  ponderosa  series. 
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SAVANNAS 


Coniferous  forest  and  mountain  grassland  are  by  far  the  two  most  extensive  vegeta- 
tional  formations  in  the  Montana  Rockies.    The  boundary  between  them  is  usually  well- 
defined.    Mueggler  and  Handl  (1974  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  have  made  a  classification  of  grassland  and  shrubland  habitat  types  in  the 
Montana  Rockies . 

Our  forest  classification  includes  all  stands  having  a  potential  of  at  least  25 
percent  forest  canopy.  Areas  having  5  to  25  percent  crown  canopy  coverage  potential 
are  termed  savannas--grassland  with  scattered  trees  (Penfound  1967).  Such  areas  are 
not  extensive,  but  if  encountered,  they  should  be  checked  against  both  the  grassland 
and  forest  classifications.     (Neither  study  specifically  sampled  savannas.) 

GREAT  PLAINS  FORESTS 

Non-Rocky  Mountain  forests  in  eastern  Montana  were  only  marginally  covered  in  this 
classification.     Sampling  was  restricted  to  Pinus  ponderosa  forests  in  the  Ashland  and 
Roundup  vicinities.     Stands  in  the  Missouri  River  Breaks  northeast  of  Lewistown  were 
not  sampled,  although  Mackie  (1970)  described  them.     Isolated  areas  of  mountain  forests 
not  sampled  include  the  Bearpaw  and  Little  Rocky  Mountains,  and  the  Sweetgrass  Hills 
in  north-central  Montana,  and  the  northern  end  of  the  Bighorn  Range  near  the  Wyoming 
line.  Hoffman  and  Alexander  (1976)  should  be  useful  in  the  latter  area. 


CHARACTERIZATON 
AND  DISTRIBUTION  OF  HABITAT  TYPES 


Climate 

Appendix  D-2  shows  key  characteristics  of  the  climate  at  stations  representing 
various  habitat  types  and  phases.    Most  of  the  data  are  from  U.S.  Weather  Service 
stations  having  30-year  normals  or  long-term  records.    The  habitat  type  and  phase 
shown  for  each  of  these  stations  is  estimated  to  be  the  appropriate  climatic  climax. 
Often  a  reconnaissance  plot  was  taken  nearby. 

Other  climatic  data  representing  specific  forest  habitat  types  in  Montana  may  be 
available  from  Weather  Service  records  or  special  studies  made  by  various  researchers. 
Even  data  taken  at  fire  lookout  sites  may  be  useful  if  collected  consistently  and  care- 
fully for  several  summer  seasons  and  if  maximum  and  minimum  thermometers  or  continuously 
recording  hygrothermograph  traces  were  used.     Careful  evaluation  of  the  site  is  neces- 
sary to  determine  the  appropriate  climatic  climax.     For  instance,  climatic  data  from  a 
site  supporting  an  edaphic  climax  should  be  interpreted  in  relation  to  the  nearest  ex- 
pression of  a  climatic  climax,  rather  than  the  immediate  edaphic  climax. 

Soils 

Characteristics  of  the  upper  10  cm  of  soil  are  summarized  in  appendix  D-1  and  as 
a  paragraph  in  each  habitat  type  description.     Soil  samples  were  first  examined  in  the 
laboratory  by  an  experienced  soil  scientist  (Ronald  McConnell,  USDA  Forest  Service, 
retired)  to  determine  structure,  character  of  horizons,  and  textural  class.  Air-dry 
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samples  were  then  weighed,  sieved  (2  mm)  to  separate  the  gravel,  and  reweighed  to 
determine  percent  gravel  content.     The  soil  separate  was  analyzed  for  wet  color,  dry- 
color  and  pH,  using  the  water-paste  method  with  a  12-hour  delay  before  reading  with  a 
glass  electrode  pH  meter.    The  soil  paste  was  then  used  to  confirm  the  textural  class 
designation.     The  gravel  and  larger  coarse  fragments  were  examined  by  geologists 
(Sigrid  Asher-Moore  and  Cynthia  Heliker,  University  of  Montana,  Missoula)  to  determine 
major  parent  materials. 

Soil  sampling  and  analyses  were  designed  to  obtain  a  simple  characterization  of 
surface  soils  for  each  habitat  type,  rather  than  detailed  soil-vegetation  relationships. 
Even  our  limited  data  make  it  evident  that  some  habitat  types  are  strongly  controlled 
by  edaphic  or  topo-edaphic  factors  and  have  a  narrow  range  of  soil  characteristics;  other 
habitat  types  occur  on  a  broad  range  of  soils. 

One  of  the  strongest  influences  of  soil  on  vegetation  in  Montana  is  the  presence 
of  calcareous  parent  materials.    The  PIPO/SYAL  h.t.,  BERE  phase  as  well  as  the  PICEA/ 
PHMA^  PICEA/SEST^  ABLA/CLPS^   and  most  of  the  Pinus  flexilis  h.t.s  have  a  strong  affinity 
for  calcareous  substrates.     Dark-colored  surface  horizons  were  generally  found  in 
habitat  types  having  either  a  grass-dominated  undergrowth  or  calcareous  substrates, 
although  they  were  occasionally  found  in  other  habitat  types  as  well. 

Exposure  of  mineral  soil  and  rock  was  greatest  on  the  warm,  dry  habitat  types  of 
the  Pinus  flexilis^  Pinus  ponderosa^  and  Pseudotsuga  series.  Litter  accumulation  was 
lowest  in  these  habitat  types. 

Several  habitat  types  are  associated  with  water  tables  close  to  the  surface  during 
part  of  the  year  (e.g.,  the  PICEA/EQAR,  TEPL/OPEO,  ABLA/OPEO,  and  ABLA/CACA  h.t.s). 
Our  samples  indicate  that  these  habitat  types  have  less  gravel,  finer  textures,  lower 
pH,  and  deeper  litter  accumulation  than  adjacent  upland  sites;  however,  more  complete 
soil  descriptions  would  be  necessary  to  adequately  document  these  relationships. 

A  few  research  studies  have  documented  soil  characteristics  by  habitat  type  in 
the  Northern  Rockies.     McMinn  (1952)  and  Daubenmire  (1968a)  showed  that  soil  moisture 
depletion  rates  differ  substantially  among  habitat  types,  and  this  helped  explain  the 
differences  in  vegetation.    Work  is  currently  being  conducted  by  the  Soil  Conservation 
Service  (Harold  Hunter,  Bozeman)  and  the  Bitterroot  National  Forest  (B.  John  Losensky, 
Hamilton)  to  measure  relationships  between  habitat  types  and  soil  temperatures. 

It  is  often  theorized  that  vegetation  or  habitat  types  can  be  predicted  from  soil 
characteristics.     But  R.  and  J.  Daubenmire  (1968)  have  emphasized  that  the  correlation 
between  habitat  types  and  soil  types  (classified  on  the  basis  of  standard  soil  profile 
characteristics)  is  too  weak  to  allow  prediction  of  habitat  types  from  soil  types,  or 
vice  versa.    We  subscribe  to  this  viewpoint  as  a  general  rule  for  several  reasons. 
First,  the  development  of  a  soil  profile  reflects  a  long-term  integration  of  soil  form- 
ing factors,  whereas  vegetation  development  is  much  more  sensitive  to  current  climatic 
conditions.     Second,  soil  classification  systems  are  not  designed  to  primarily  reflect 
influences  on  vegetational  development;  therefore,  predictive  capabilities  should  not 
necessarily  be  expected.    Third,  vegetational  development  depends  on  many  factors,  of 
which  soil  characteristics  is  only  one.    According  to  the  principle  of  factor  inter- 
action, species  are  able  to  grow  on  a  wide  range  of  substrates  when  other  factors  pro- 
vide compensatory  effects. 

In  summary,  land  managers  should  be  cautious  about  attempting  to  "shortcut"  in- 
ventories of  either  vegetative  potentials  or  soils  through  the  process  of  "assumed 
correlations."    Some  useful  correlations  undoubtedly  exist;  but  they  must  be  developed 
objectively,  tested  adequately,  and  extrapolated  with  caution. 
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Vegetation 


OCCURRENCE  OF  SPECIES 

Appendix  B  is  an  interpretation  of  tree  species  occurrence  in  habitat  types  and 
phases.  This  provides  the  basic  information  for  selecting  and  managing  tree  species 
based  on  their  environmental  adaptation  and  successional  role  in  specific  habitats. 

Appendix  C-1  provides  constancy  and  average  coverage  data  for  93  "important" 
species  (those  with  major  occurrence  or  indicator  significance)   for  each  of  the  habitat 
types  and  phases.    This  table  can  be  used  (1)  for  gaining  more  insight  into  the  struc- 
ture of  the  classification  than  the  key  or  the  written  type  descriptions  provide;  (2) 
as  a  summary  of  composition  in  the  relatively  mature  (70  years  and  older)  sample  stands; 
and  (3)  for  evaluating  the  ecological  amplitude  and  abundance  of  any  species  for  the 
later  successional  stages  of  the  entire  classification. 

Appendix  C-2  provides  a  detailed  presence  list  by  habitat  type.     This  includes  all 
species  that  occurred  in  five  or  more  of  the  approximately  1,500  sample  stands. 

Eow  to  use  species  oocuvvenoe  data. — The  following  examples  show  how  to  use 
appendixes  B,  C-1,  and  C-2  to  determine  the  distribution  and  relative  importance  of 
plants  by  habitat  type.     Keep  in  mind,  however,  that  the  potential  application  of 
these  appendixes  is  much  broader  than  shown  in  these  introductory  examples. 

Question  1, — Is  Artemisia  tvidentata  found  in  the  Pseudotsuga  menziesii/Festuoa 
iddhoensis  h.t.,  and  if  so,  how  abundant  is  it? 

Data  (from  appendix  C-1):  PSME/FEID  h.t. 

19  stands 

constancy   y  6  (5)  <   average  percent  coverage 

Answer:    Constancy  is  about  60  percent  (see  code  at  bottom  of  appendix  C-1). 

This  means  that  11  or  12  of  the  19  sample  stands  had  some  Artemisia 
tridentata.  The  coverage  value  shows  that  Artemisia  had  an  average 
canopy  coverage  of  5  percent  in  the  stands  where  it  occurred. 

Question  2, — Is  Artemisia  tridentata  a  major  undergrowth  species  in  Montana  forest 
stands? 

Data:        Appendix  C-1  shows  that  Artemisia  tridentata  was  found  in  11  of  the  100 
habitat  types  and  phases  listed.    However,  only  in  3  types  and  phases 
did  it  have  a  constancy  of  50  percent  or  more: 

PIFL/AGSP  h.t.  PIFL/FEID  h.t.  PSME/FEID  h.t. 

6  stands  7  stands  19  stands 

5  (1)  6  (1)  6  (5) 

Average  canopy  coverage  by  Artemisia  is  only  1  percent  (even  in  those  stands 
where  it  does  occur)  except  in  the  Pseudotsuga/Festuoa  idahoensis  h.t. 

Answer:  Evidently  Artemisia  tridentata  is  not  a  major  undergrowth  species  in 
mature  forest  stands,  with  the  limited  exception  of  the  Pseudotsuga/ 
Festuca  idahoensis  h.t. 
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Question  S. — If  you  were  given  seedlings  of  Acer  glabrum  to  plant  for  big  game 
habitat  purposes,  which  of  the  following  habitat  types  would  you  choose  for  planting 
them  in? 

FIFO /FEW  h.t.,  FEID  phase 

PSME/FESC  h.t. 

ABLA/VACA  h.t. 

FSME/FEMA  h.t.,  FEMA  phase 

FSME/CAGE  h.t. 

THFL/CLUN  h.t.,  CLUN  phase 

Data:        This  species  is  not  shown  in  appendix  C-1  (Constancy  and  Average  Coverage); 
therefore,  appendix  C-2  (Presence  List)  will  have  to  serve  as  the  source 
of  data.     According  to  appendix  C-2,  Acer  glahrvim  was  absent  in  three  of 
the  habitat  types- -FIFO/FEID^  FSME/FESC,  and  ABLA/VACA— ^nd  was  present 
in  only  1  out  of  the  10  stands  in  FSME/CAGE  h.t.     By  contrast,  it  oc- 
curred in  18  of  45  stands  in  the  FSME/FEMA  h.t.,  FEMA  phase,  and  in  10  of 
15  stands  in  TEFL/CLUE  h.t.,  CLUE  phase. 

Answer:     Thus,  only  FSME/FEMA  and  TEFL/CLUE  are  logical  choices. 

Question  4.— Which  tree  species  occur  in  the  FSME/CARU  h.t.,  CAFU  phase?    What  are 
their  successional  roles  and  how  abundant  are  they? 

Answer  (provided  by  data  from  appendixes  B  and  C-1) : 

FSME/CARU  h.t.,  CARU  phase 

(Appendix  B)  (Appendix  C-1) 

Species  Role  Constancy  (average  coverage 

percent) 


Finus  ponder osa 

a 

=  accidental 

2 

(1) 

Fseudotsuga  menziesii 

C 

=  major  climax 

10 

(60) 

Finus  Gontorta 

(S) 

=  major  serai  in 

part 

of  the  phase 

6 

(20) 

Larix  occidentalis 

(s) 

=  minor  serai  in 

part 

of  the  phase 

1 

(11) 

Abies  lasiocarpa 

a 

=  accidental 

1 

(1) 

Finus  albicaulis 

a 

=  accidental 

1 

(3) 

TIMBER  PRODUCTIVITY 

Timber  productivity  is  one  of  the  key  management  implications  for  which  data  were 
collected  during  this  study.     Site  trees  were  selected  to  determine  the  potential  height 
growth  of  relatively  free-growing  trees.     One  site  tree  of  each  species  was  selected  for 
each  stand  wherever  possible.     Site  trees  showing  marked  diameter-growth  suppression  for 
a  period  of  10  or  more  years  were  rejected  during  analysis  of  the  increment  cores.  Old- 
growth  and  stagnated  trees  were  not  used  for  productivity  estimation.     Even  though  only 
a  single  site  tree  per  species  per  stand  was  used,  the  data  are  reasonably  consistent. 
Comparisons  appear  to  be  valid,  and  the  sample  size  (794  stands)  permits  comparison  of 
productivity  among  habitat  types  as  well  as  within  each  habitat  type. 

Determination  of  site  index  from  height-age  data  requires  specific  procedures  for 
each  tree  species.     The  number  of  years  to  reach  breast  height  (4.5  feet)  must  be  meas- 
ured or  estimated  for  species  having  height-total  age  site  curves.     If  a  site  curve  is 
not  available,  a  curve  from  another  species  must  be  selected  as  a  substitute.  Criteria 
used  to  determine  total  age,  as  well  as  sources  of  site  index  curves  and  yield  capa- 
bility data  for  this  analysis,  are  summarized  in  table  7. 
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Table  7 .--Criteria  and  sources  for  determining  site  index  and  for  estimating  yield  capability 


:    Estimated  years  : 

:          to  obtain  : 

Source  of 
site  curve^ 

:                  Yield  capability 

Species 

:      breast  height  : 

:               (all  trees  -  fig.  8) 

PIPO 
PSME 
PICO 

LAOC 

PICEA 

ABGR 

ABLA 

PIMO 

TSHE 

THPL 
TSME 
LALY 
PIAL 
PIFL 


10 
10 
10 

5-West  side 
5 

:  3) 
:  3) 

[ 

5 
10 


(  3) 
(  3) 
(  3) 
(  3) 
(  3) 


Lynch  1958  Brickell  1970 

 Used  PIPO  curves  

Alexander  1966  Used  LAOC  curve^ 


Schmidt  and  others  1976^ 
Alexander'* 


Schmidt  and  others  1976 
Alexander  1967 
Stage  1959 

 Used  PICEA  curves  

Haig  1932  Brickell  1970 

Deitschman  and  Used  PIMO  curve 

Green  1965^ 

 Used  PICEA  curves  

 Used  PICEA  curves  

 Used  PICEA  curves  

 Used  PICEA  curves  

 Used  PICEA  curves  


^  All  site  curves  with  a  100-year  index  age  were  converted  to  a  50-year  index  age. 

2  Brickell 's  (1970)  curves  for  PICO  and  LAOC  (trees  larger  than  5.0  inches)  were  nearly  iden- 
tical. A  new  curve  (based  on  all  trees)  was  developed  for  LAOC  from  yield  data  in  Schmidt  and 
others  (1976).     The  LAOC  curve  for  all  trees  appears  to  be  as  accurate  as  any  available  for  esti- 
mating PICO  yield  capability  for  all  trees. 

^  Curves  based  on  age  at  breast  height  were  used. 

^  Data  used  in  a  recent  yield  study  (Alexander  and  others  1975)  were  provided  by  Alexander. 
Site  index  and  mean  annual  increment  from  21  fully-stocked  natural  stands  were  used  to  develop  the 
curve  shown  in  figure  8.     (Yield  capability  =  -26.0  +  1.84  Site  Index  (50);        =  0.66). 

^  TSHE  height  and  age  were  used  to  estimate  PIMO  site  index. 

We  used  Pinus  ponderosa  curves  for  determining  Pseudotsuga  site  index  rather  than 
Brickell 's  (1968)  Pseudotsuga  curves,  because  the  curve  shapes  for  Pinus  ponderosa  are 
more  realistic  for  our  data  (giving  closer  estimates  for  different  aged  site  trees  in 
the  same  stand).     Furthermore,  since  Pinus  ponderosa  yield  tables  are  currently  used  to 
estimate  Pseudotsuga  yields  in  the  Northern  Rocky  Mountains,  it  is  more  logical  to  use 
Pinus  ponderosa  site  index  for  estimating  Pseudotsuga  yields. 

We  used  Alexander's  (1967)  Pioea  engelmannii  curves  for  Pioea  rather  than  Brickell 's 
(1966)  because:   (1)  Alexander's  are  based  on  breast-height  age  (data  available)  rather 
than  total  age  (estimate  required) ;   (2)  the  curve  shapes  are  more  realistic  for  our  data 
(giving  closer  estimates  for  different  aged  site  trees  in  the  same  stand) ;  and  (3)  yield 
data  related  to  the  curves  are  available  (Alexander  and  others  1975) .     We  also  used 
Alexander's  (1967)  Picea  engelmannii  curves  for  several  other  species  that  lack  site- 
index  curves;  because  they  do  not  require  breast-height  age  estimates.     Thus  a  possible 
source  of  estimation  error  is  eliminated. 

The  site-index  data  (base  age  50  years)  have  been  summarized  by  species  within 
habitat  types  (appendix  E-1)  .     Because  of  regional  differences  in  habitat-type  occurrence 
as  well  as  apparent  regional  differences  in  productivity  for  some  habitat  types,  all 
timber  productivity  data  were  summarized  separately  for  west-side  and  east-side  forests. 
The  mean  site  index  was  calculated  whenever  three  or  more  values  were  available.  With 
five  or  more  values,  a  95-percent  confidence  interval  for  estimation  of  the  true  popula- 
tion mean  was  calculated.     (The  confidence  interval  narrows  with  both  decreased  varia- 
bility and  increased  sample  size.)     The  same  procedure  was  used  for  summarizing  basal 
areas  of  sample  stands. 

The  maximum  heights  observed  in  old-growth  stands  (>200  years)  are  presented  in 
appendix  E-2.     These  data  can  be  used  for  simple  comparisons  and  for  identifying  sites 
where  height  is  severely  limited. 
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Although  site  productivity  can  be  compared  by  using  site  index  alone,  a  more  use- 
ful assessment  can  be  made  by  using  the  estimated  net  yield  capability  of  the  site 
(cubic-foot  production) .     Until  managed-stand  yield  tables  are  completed,  the  best 
approach  is  to  use  natural -stand  yield  tables  for  assessing  yield  capability.  As 
stated  by  Brickell  (1970),  "Yield  capability,  as  used  by  Forest  Survey,  is  defined  as 
mean  annual  increment  of  growing  stock  attainable  in  fully  stocked  natural  stands  at 
the  age  of  culmination  of  mean  annual  increment."     (In  other  words,  yield  capability  = 
maximum  mean  annual  increment  attainable  in  fully  stocked  natural  stands.     For  additional 
explanation  see  Glossary,  appendix  G.) 

The  curves  used  to  estimate  yield  capability  from  site  index  are  presented  in 
figure  48. 

Yield  capability  values  are  based  on  cubic  feet  of  all  trees  (>0.5  inch  d.b.h.). 
The  Larix  occidentalis  curve  was  derived  from  Schmidt  and  others  (1976).  (Brickell's 
1970  curve  for  this  species  was  only  for  trees  greater  than  5.0  inches  in  diameter.) 
The  Larix  curve  was  also  used  for  Pinus  oontorta  because  Brickell's  (1970)  curves  (trees 
>5.0  inches)  are  almost  identical  for  the  two  species,  and  because  natural  stand  yield 
data  have  not  been  published  for  Pinus  oontorta. 

The  Pioea  curve  was  derived  from  original  data  used  in  developing  managed-stand 
yield  tables  (Alexander  and  others  1975) .     We  calculated  mean  annual  increment  for  all 
trees  for  21  of  Alexander's  fully  stocked  natural  stands  near  the  age  of  culmination 
of  mean  annual  increment  (ages  from  97  to  165  years) .     A  linear  regression  of  yield 
capability  on  Alexander's  (1967)  site  index  was  conducted,  converted  to  site  index  at 
base-age  50,  and  plotted  in  figure  48.     [Yield  Capability  =  -26.0  +  (1.84  X  50-year 
site  index.)       =  0.66]  .    The  other  curves  were  developed  by  Brickell  (1970)  from 
natural-stand  yield  tables. 

The  spread  in  these  curves  indicates  that  natural -stand  yield  capability  for  a 
given  site  index  is  considerably  higher  in  Abies  grandis-  and  Pinus  montioola-domina.ted 
stands  than  for  other  species.    This  illustrates  the  importance  of  using  species- 
specific  curves  for  estimating  productivity. 

Our  best  current  estimates  of  yield  capability  (in  cubic  feet/acre/year)  for  each 
habitat  type  are  shown  in  appendix  E-3  (west-side)  and  E-4  (east-side)  .  Procedures 
used  to  develop  these  estimates  were: 

1.  Yield  capability  was  estimated  for  each  site  tree  from  appropriate  species 
curves  according  to  the  criteria  in  table  7.     These  values  were  plotted  by  species 
within  habitat  types  and  phases  for  a  visual  display  of  distribution. 

2.  Mean  yield  capability  for  all  site  trees  in  each  habitat  type  was  calculated 
and  cutoff  points  were  established  to  approximate  90  percent  of  the  range  of  our  data. 

3.  For  habitat  types  where  stockability  appears  to  limit  productivity,  a  stock- 
ability  factor  was  developed.     Basal  area  data  for  plots  in  these  types  were  compared 
with  Meyer's  (1938)  basal  area  data  for  fully  stocked  '"normal"  stands,  following  the 
approach  of  MacLean  and  Bolsinger  (1973)  .     From  these  calculations  and  additional 
observations,  an  average  mean  stockability  factor  was  determined  for  several  habitat 
types.     This  factor  was  multiplied  by  yield  capability  for  a  given  site  index  to 
determine  the  adjusted  yield  capability.     A  factor  of  ±0.10  was  used  to  expand  the 
estimated  range  of  productivity. 

These  current  best  estimates  (appendixes  r:-3  and  E-4)  portray  both  relative  pro- 
ductivity of  habitat  types  and  the  range  of  productivity  within  a  habitat  type.  From 
these,  it  is  possible  to  assign  a  ranking  or  qualitative  rating  of  potential  timber 
productivity  of  natural  stands  for  use  in  planning. 
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Figure  48. — Yield  aapability  of  fully  stoaked  natural  stands  in  relation  to  site  index 
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As  Daubenmire  (1976)  emphasized,  natural  vegetation  serves  as  a  convenient  indi- 
cator of  productivity  over  large  areas  of  land.     However,  productivity  within  habitat 
types  (appendix  E)  often  shows  substantial  variability.     The  following  points  help 
explain  this  variability,  and  give  suggestions  for  reducing  it. 

1.  Site-index  curves  were  used  to  obtain  productivity  data  from  yield  tables. 
Different  height-growth  patterns  undoubtedly  occur  on  different  sites,  but  data  to 
account  for  this  variation  are  not  available. 

2.  Yield  tables  and  site  curves  have  not  been  developed  for  all  species,  making 
extrapolation  necessary. 

3.  Yields  of  mixed  species  stands  can  be  estimated  by  several  individual  species' 
yield  tables.     We  found  that  a  range  of  30  to  40  cubic  feet/acre/year  in  yield  capa- 
bility was  common  in  individual  stands,  depending  upon  the  species  used  for  estimation. 

4.  Some  variability  in  productivity  within  a  habitat  type  is  logical  in  a  natural 
classification  system.     The  habitat  type  classification  is  based  on  abilities  of  species 
to  reproduce  and  mature  under  competition,  not  on  their  rates  of  growth.     The  correla- 
tion between  this  and  productivity  is  imperfect.     (For  instance,  in  some  stands  tree 
roots  draw  on  underground  water  tables  and  achieve  excellent  growth  rates,  while  surface 
drought  limits  development  of  tree  seedlings  and  undergrowth.) 

5.  Where  a  more  accurate  estimate  of  productivity  is  needed  for  local  areas,  we 
recommend  taking  additional  site-index  samples. 

6.  It  has  been  suggested  that  productivity  estimates  for  habitat  types  could  be 
improved  by  incorporating  classifications  of  soils,  topography,  or  climate.     We  have 
demonstrated  a  major  regional  difference  in  productivity  by  separating  west-side  and 
east-side  data  (appendix  E) .     Differences  in  productivity  within  a  habitat  type  due  to 
topography  or  soils  are  also  apparent  in  some  local  areas.     However,  because  of  the 
limitations  of  existing  site  index  curves  and  yield  tables,  further  refinement  of 
productivity  data  for  large  areas  should  be  based  on  more  precise  methods  of  measuring 
productivity. 

7.  Natural-stand  yield  capability  by  habitat  type  could  be  estimated  more  pre- 
cisely by  direct  measurements  of  volume  growth,  rather  than  by  using  site  index  to 
enter  a  yield  table  based  on  averages.     This  would  require  analysis  of  existing  timber 
inventory  plots  representing  maximum  growth  potential  or  new  field  measurements. 

8.  Recent  stand  growth  models  (Stage  1973,  1975)  utilize  growth  coefficients 
based  on  habitat  types.     These  add  a  new  dimension  to  yield  prediction,  provide  the 
basis  for  developing  managed-stand  yield  tables,  and  should  improve  our  knowledge  of 
productivity  within  and  between  habitat  types. 

Geographic  Distributions  of  Habitat  Types 

As  discussed  in  their  individual  descriptions,  most  habitat  types  are  restricted 
to  certain  areas  within  the  Montana  Rockies.     Many  of  them--including  the  entire  Abies 
grandis^  Thuja^  and  Tsuga  series--are  confined  to  northwestern  and  west-central  parts 
of  the  State.     Others,  including  the  entire  Pinus  fteccilis  series,  are  found  only  near 
or  east  of  the  Continental  Divide.     Only  a  few--e.g.,  FSME/CARU,  PShlE/SYAL,  PIAL-ABLA— 
are  relatively  common  throughout  the  Montana  Rockies. 

The  geographical  distribution  of  each  habitat  type  is  reflected  in  appendix  A, 
which  shows  the  number  of  sample  plots  in  each  habitat  type  and  phase  taken  in  each  of 
12  portions  of  the  State.     Absence  of  sample  plots  in  a  given  area  does  not  necessarily 
indicate  that  the  habitat  type  is  not  present,  but  it  does  suggest  that  it  is  at  most 
of  minor  occurrence. 
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Figures  49  through  56  are  schematic  diagrams  of  the  pattern  of  forest  habitat 
types  and  phases  found  in  seven  areas  of  Montana.    These  diagrams  are  not  literally 
accurate^  but  they  do  attempt  to  portray  the  arrangement  of  all  major  habitat  types 
likely  to  be  found  in  a  given  vicinity.     On  a  specific  mountainside  or  in  a  small 
drainage,  as  few  as  half  of  the  types  depicted  for  that  general  vicinity  may  be  present. 
These  diagrams  also  illustrate  the  criteria  used  in  defining  the  classification  units. 
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Figure  49. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation  (from  left  to  right)  in  mature  forest  stands  near 
Lihhy.     The  horizontal  bars  designate  lower  and  upper  limits  of  the  species.  That 
portion  of  the  tree  species  '  range  where  it  is  considered,  climax  is  indicated  by 
shading.     That  portion  of  the  undergrowth  species  '  range  where  it  is  used  to 
define  a  habitat  type  is  indicated  by  shading. 
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Figure  50. — Sahematia  distribution  of  tree  and  key  undergrowth  speaies  usually  encoun- 
tered with  increasing  elevation  (from  left  to  right)  in  mature  forest  stands  near 
Missoula.     The  horizontal  bars  designate  lower  and  upper  limits  of  the  species. 
That  portion  of  the  tree  species'  range  where  it  is  considered  climax  is  indicated 
by  shading.     That  portion  of  the  undergrowth  species  '  range  where  it  is  used  to 
define  a  habitat  type  is  indicated  by  shading. 
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Figure  51. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation  (from  left  to  right)  in  m^ature  forest  stands  in  the 
vicinity  of  Butte  and  Philipsburg.    The  horizontal  bars  designate  lower  and  upper 
limits  of  the  species.    That  portion  of  the  tree  species'  range  where  it  is  considere 
climax  is  indicated  by  shading.     That  portion  of  the  undergrowth  species  '  range  where 
it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 


133 


SERIES 
H.  T. 


Pifi 


Agsp 


-Pseudotsuqa  menziesii 


Abies  lasiocarpa 


Pinus  albicaulis 


Picea  engelmannii 


Pinus  contorta 


Pinus  flexilis 


I  I 
I  I 


21. 


Carexgeyeri  •  ^ 


Ribes  montigenum 


Vaccinium  scoparium 


Calamagrostis  rubescens 


Arnica  cordifolia 


Festuca  idatioensis       |  I 
Agropyron  spicatum  j  j 


Psme 


Feid 


Arco 


Cage 


Caru 


Picea 


Abia 


Vase 


Abla-Pial 


Vase 


Rimo 


Pial 


*  the  upper  limits  of  Cage  are  not  well  defined. 

Figure  52. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation  (from  left  to  right)  in  mature  forest  stands  in  the 
vicinity  of  Billon  and  Lima.     The  horizontal  bars  designate  lower  and  upper  limits 
of  the  species.    That  portion  of  the  tree  species  '  range  where  it  is  considered 
climax  is  indicated  by  shading.     That  portion  of  the  undergrowth  species  '  range 
where  it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  53.  — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation  (from  left  to  right)  in  mature  forest  stands  on 
limestone  substrates  in  the  Little  Belt  Mountains.     The  horizontal  bars  designate  lower 
and  upper  limits  of  the  species.     That  portion  of  the  tree  species'  range  where  it  ^s 
considered  climax  is  indicated  by  shading.     That  portion  of  the  undergrowth  species ' 
range  where  it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  64. — Sahematia  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation  (from  left  to  riqht)  in  mature  forest  stands  on 
nonlimestone  substrates  in  the  Little  Belt  Mountains.    The  horizontal  bars  designate 
lower  and  upper  limits  of  the  species.    That  portion  of  the  tree  species'  range  where 
it  is  considered  climax  is  indicated-  by  shading.     That  portion  of  the  undergrowth 
species  '  range  where  it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  56. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation  (from  left  to  right)  in  mature  forest  stands  in  the 
Gallatin  and  Absaroka  Ranges.    The  horizontal  bars  designate  lower  and  upper  limits 
of  the  species.    That  portion  of  the  tree  species'  range  where  it  is  considered 
climax  is  indicated  by  shading.    That  portion  of  the  undergrowth  species '  range  where 
it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  56. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  soil  moisture  (from  left  to  right)  in  mature  forest  stands 
near  Ashland.    The  horizontal  bars  designate  lower  and  upper  limits  of  the  species. 
That  portion  of  the  tree  species '  range  where  it  is  considered  clim.ax  is  indicated 
by  shading.     That  portion  of  the  undergrowth  species  '  range  where  it  is  used  to 
define  a  habitat  type  is  indicated  by  shading. 


Relationship  to  Other  Habitat  Type  Classifications 

The  Montana  classification  was  developed  through  successive  steps  of  data  analysis 
and  field  testing;  two  preliminary  classifications  (1972,  1973)  and  a  review  draft  (1974) 
were  made  available  for  field  testing.     The  relationships  of  our  classification  to  R. 
and  J.  Daubenmire's  (1968)  classification  (which  had  been  extrapolated  to  Montana  prior 
to  this  study)  as  well  as  development  from  the  preliminary  classifications  are  illustrated 
in  figure  57.     This  figure  provides  a  means  of  translating  fieldwork  done  with  a  pre- 
liminary classification  to  the  current  habitat  type  designations,  and  of  comparing 
information  from  habitat  types  in  northern  Idaho. 

The  Montana  forest  classification  is  also  closely  related  to  concurrent  studies  in 
central  Idaho  and  the  Nezperce  National  Forest  (Robert  Steele  and  others  1975,  1976, 
preliminary  drafts,  USDA  Forest  Service,  Intermountain  Station)  as  well  as  northwestern 
Wyoming  and  adjacent  portions  of  Idaho  (Cooper  1975) .     As  discussed  in  the  habitat  type 
writeups,  many  of  the  individual  types  are  related  to  types  or  communities  described  in 
a  number  of  other  studies  from  areas  outside  of  the  Northern  Rockies  (McLean  1970; 
Ogilvie  1963;  Reed  1969;  Pfister  1972a;  Thilenius  1972;  Hall  1973;  Hoffman  and  Alexander 
1976) .     Forest  habitat  type  classifications  now  being  conducted  in  other  areas  will  be 
compared  with  ours  at  a  later  date. 


136 


Figure  S7 . — The  relationship  of  the  final  Montana  classification  to  preliminary  reports 

and  to  R.  and  J.  Dauhenmire ' s  (1968)  stand  data. 
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USE  OF  THE  CLASSIFICATION 


Validation 

Our  objective  has  been  Similar  to  that  of  R.  and  J.  Daubenmire  (1968) --that  is,  to 
develop  an  ecological  classification  of  forest  land  in  which  not  only  vegetation  but 
also  climate,  geography,  and  disturbance  factors  are  taken  into  account.  Vegetation 
characters  are  convenient  to  use  for  this  purpose,  and  the  natural  vegetation  that 
develops  over  a  long  period  of  time  without  disturbance  is  felt  to  reflect  the  overall 
environment.     It  acts  like  a  complex  environmental  monitoring  system.     R.  and  J.  Dauben- 
mire (1968)  stated  the  goal  of  such  ecological  classifications  as  follows:  "That  system 
.   .   .  closest  to  a  natural  one  that  allows   the  most  predictions   about  a  unit  from  a 
mere  knowledge  of  its  position  in  the  system." 

The  current  Montana  classification  culminates  4  years  of  intensive  research. 
Although  its  preliminary  drafts  have  had  the  benefit  of  3  years  of  testing  by  land 
managers,  further  refinement  is  always  possible. 

Use  of  Habitat  Types 

Layser  (1974)  and  Pfister  (1976)  have  outlined  potential  values  of  habitat  types 
in  resource  management.     Perhaps  the  most  important  overall  use  is  as  a  land  stratifi- 
cation system--designating  land  areas  with  similar  environments  or  biotic  potential-- 
thereby  providing  a  tool  for  cataloging  and  communicating  research  results,  administra- 
tive study  results,  accumulated  field  observations,  and  intuitive  evaluations.  The 
habitat  type  classification  is  presented  as  a  foundation  for  basing  predictions  of  re- 
sponse to  land  and  vegetation  management  activities.     However,  habitat  types  are  not  a 
panacea  for  decisionmaking  or  research  interpretations.     Rather,  habitat  types  will 
complement  information  on  current  (serai)  vegetation,  soils,  outdoor  recreation,  socio- 
economic conditions,  hydrology,  and  wildlife.     For  instance,  although  habitat  types  do 
not  include  a  description  of  young  serai  communities  which  would  be  useful  for  wildlife, 
range,  silviculture,  etc.,  this  classification  of  sites  and  mature  forest  communities 
does  provide  the  foundation  upon  which  successional  stages  can  be  studied  and  defined. 
Habitat  types  will  also  aid  more  intensive  land  management  and  land  use  planning. 

Some  of  the  current  and  potential  uses  of  habitat  types  include: 

1.  Timber  management --developing  seed  source  and  seed  transfer  rules,  serving  as 
a  stratification  for  tree  improvement  programs,  selecting  species  for  planting  (Pfister 
1972b) ,  comparing  natural  regeneration  (Shearer  1976) ,  evaluating  cutting  and  regenera- 
tion methods,  and  assessing  relative  timber  productivity. 

2.  Range  and  wildlife  management--assessing  relative  forage  production,  comparing 
potential  values  for  domestic  grazing,  and  evaluating  summer  and  winter  use  by  big  game 
(Lyon  1975;  Marcum  1975). 

3.  Watershed  management--estimating  relative  precipitation,  evapotranspiration, 
and  moisture-holding  characteristics. 
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4.  Recreat ion--assessing  suitability  for  various  types  of  recreational  use, 
evaluating  impacts  of  use  on  plant  communities  and  sites  (Helgath  1975;  Dale  1973), 
and  predicting  recovery  rates  following  disturbance. 

5.  Forest  protection--categorizing  fuel  buildup,  implementing  fuel  management, 
and  evaluating  the  natural  role  of  fire  including  frequency  and  intensity  of  burns 
(Aldrich  1973;  Arno  1976);  and  assessing  susceptibility  to  various  insects  and  diseases 

6.  Natural  area  preservat ion--helping  to  insure  that  the  environmental  spectrum 
is  adequately  represented  in  research  natural  areas  (Schmidt  and  Dufour  1975) . 

Some  management  implications  are  discussed  in  the  descriptions  of  the  habitat  type 
in  this  report.     Additional  implications  can  be  developed  from  the  appendix  data.  Val- 
uable information  regarding  the  response  of  each  habitat  type  to  specific  treatments 
can  be  obtained  by  carefully  documenting  and  analyzing  field  observations.     Also,  field 
research  studies  in  many  functions  can  use  the  habitat  types  as  a  stratification  for 
designing  studies.     Study  results  can  then  be  reported  in  a  form  suitable  for  applica- 
tion on  appropriate  habitat  types. 

Mapping 

Habitat  type  maps  have  become  an  important  management  tool  in  the  Northern  Region 
of  the  USDA  Forest  Service  (Deitschman  1973;  Stage  and  Alley  1973;  Daubenmire  1973). 
They  provide  a  permanent  record  of  habitat  type  distribution  on  the  landscape  and  a 
basis  for  acreage  estimates  for  land-use  planning. 

Maps  may  be  made  at  various  scales  and  degrees  of  accuracy,  depending  upon  objec- 
tives.    For  research  studies,  project  planning,  etc.,  maps  should  be  accurate  and 
detailed;  each  phase  of  a  habitat  type  should  be  delineated,  especially  for  research 
studies.     The  map  scale  should  range  from  4  to  8  inches  per  mile.     At  a  broader  level 
of  planning  (multiple  use  planning  unit.  National  Forests,  etc.)  map  accuracy  and 
detail  may  decrease  and  mapping  efforts  may  be  extensive.     Habitat  types  are  often  the 
finest  subdivisions  shown,  and  map  scale  can  range  from  1  to  2  inches  per  mile. 

Still  broader  levels  of  mapping  may  be  required  for  regional  needs  (selection  of 
powerline  corridors.  State  or  regional  planning);  these  may  employ  scales  of  1/4  to 
1/2  inch  per  mile,  and  may  depict  only  habitat  type  groups  or  series.     These  should  be 
synthesized  from  large-scale  habitat  type  maps  whenever  the  latter  are  available. 

Selecting  a  mapping  approach  and  appropriate  scale  to  produce  an  acceptable  map 
must  be  based  on  the  following:   (1)  anticipated  use  of  the  map,   (2)  accuracy  level 
required,   (3)  availability  of  adequately  trained  personnel,  and  (4)  amount  of  time  and 
financial  support  available  to  achieve  the  specified  accuracy  level. 

At  scales  of  4  to  8  inches  per  mile,  the  habitat  types  or  phases  are  useful  as  the 
mapping  units,  accepting  inclusions  (up  to  15  percent)  of  other  types  too  small  to  map 
separately.     In  complex  topography  and  at  smaller  map  scales,  special  mapping  units 
must  be  developed,  which  may  be  called  complexes  or  mosaics.     Such  mapping-unit  com- 
plexes must  be  defined  for  each  area  being  mapped,  rather  than  on  a  preconceived 
grouping.     The  amount  and  relative  positions  of  habitat  types  and  phases  within  a 
complex  must  be  specified  because  the  management  interpretations  of  a  mapping  unit  are 
tied  to  the  taxonomic  units- -series ,  habitat  type,  and  phase. 

Regardless  of  the  mapping  scale  used,  the  field  reconnaissance  should  identify 
stands  to  the  phase  level.     The  amount  and  location  of  field  reconnaissance  should  also 
be  specified  on  the  map  or  in  a  report  for  users  of  the  map.     Finally,  the  map  accuracy 
should  be  estimated  and  checked  to  maintain  quality  control  in  application  of  the 
habitat  type  classification. 
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Grouping 


Since  this  classification  system  for  potential  vegetation  is  hierarchical,  it  can 
be  used  at  various  levels  of  differentiation  for  various  purposes.     Field  data  (vegeta 
tional  inventories)  for  determining  habitat  type  and  phase  should  be  collected  accur- 
ately and  recorded  for  future  reference--for  instance,  using  a  checklist  (appendix  F) . 
This  approach  is  only  slightly  more  time-consuming  than  taking  cruder  field  data.  It 
enhances  the  value  of  the  data  and  the  comprehension  of  the  investigator;  moreover,  it 
helps  provide  a  basis  of  professional  credibility  for  the  work.     Above  all,  it  provide 
flexibility  in  the  ultimate  use  of  the  data.     In  contrast,  if  habitat-type  groups  are 
assigned  in  the  field,  reevaluation  or  more  detailed  analysis  is  not  possible.  Without 
field  data,  the  probability  of  an  unsatisfactory  product  is  high. 

Relatively  few  habitat  types  and  phases  occur  in  a  given  forested  area.  Moreover 
some  of  these  will  be  so  minor  in  extent  that  once  their  presence  is  documented  they 
need  not  enter  into  most  broad-scale  forest  management  considerations.     This  leaves  a 
relatively  small  number  of  habitat  types  to  be  identified  (and  mapped)  in  a  given  area 
After  the  distributional  patterns  of  all  the  habitat  types  have  been  identified,  the 
types  can  be  grouped  in  logical  categories  to  facilitate  resource  planning  and  public 
presentations . 

IVhere  implications  for  management  are  similar,  it  may  be  desirable  to  consider  an 
entire  series  (e.g.,  Pinus  flexitis  series,  or  Ahies  grandis  series)  as  one  group. 
Conversely,  where  management  considerations  contrast  strongly  even  at  the  phase  level 
(e.g.,  the  phases  of  PSME/CARU  h.t.),  it  may  be  desirable  to  split  a  habitat  type  in 
the  grouping  process. 

Below  is  one  example  of  a  grouping  made  on  the  basis  of  overall  ecological 
similarities  including  geographical  distributions: 

Pinus  flexitis  series 

PIPO/AND;  PIPO/AGSP;  PIPO/FEID;  PIPO/PUTR  h.t.s 
PIPO/SYALj  PIPO/PRVI  h.t.s 

PSME/AGSP;  PS  ME /FEW;  PSME/FESC;  PSME/SYOR  h.t.s 
PSME/VACA;  PSME/CARU  h.t.,  ARUV  phase 
PSME/PHMA;  PSME/SYAL  h.t.,  SYAL  and  CARU  phases 
PSME/VAGL;  PS14E/LIB0  h.t.s 

PSME/CARU  h.t.,  AGSP  and  PIPO  phases;  PSME/SYAL  h.t.,  AGSP  phase 
PSME/CARU  h.t.,  CARU  phase;  PSME/CAGE  h.t. 
PSME/SPBE;  PSME/ARUV  h.t.s 
PSME/JUCO;  PSME/ARCO  h.t.s 
PICEA/CLUN;  PICE A/ Y AC A  h.t.s 

PICE A/PUMA;  PICEA/GATR;  PICEA/LIBO;  PICEA/SMST  h.t.s 

Abies  grandis  series 

THPL/CLUN;  TSHE/CLUN  h.t.s 

THPL/OPHO;  ABLA/OPEO;  PICEA/EQAR  h.t.s 

ABLA/CLUN;  ABLA/GATR;  ABLA/LIBO  h.t.s 

ABLA/VACA  h.t. 

ABLA/CACA  h.t. 

ABLA/MEFE;  TSME/MEFE;  ABLA/ALSI  h.t.s 

ABLA/XETE  h.t.,  VAGL  phase;  TSME/XETE;  ABLA/VAGL  h.t.s 

ABLA/XETE  h.t.,  VASC  phase;  ABLA/VASC  h.t.,  ABLA/CAGE  h.t.,  CAGE  phase 

ABLA/CARU;  ABLA/ARCO;  ABLA/CAGE  h.t.,  PSME  phase 

PICEA/SEST;  ABLA/CLPS  h.t.s 

ABLA/LUEI;  TSME/LUEI;  ABLA-PIAL/VASC ;  ABLA/RIMO  h.t.s 
PIAL-ABLA;  LALY-ABLA;  RIAL  h.t.s 
Pinus  oontorta  series 
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Other  bases  for  groupings  may  be  useful  for  various  specialists  in  resource  management. 
It  is  important  to  remember  that  such  groupings  (if  used  at  all)  should  be  made  after  a 
thorough  inventory  has  been  completed  at  the  habitat  type  or  phase  level.  Furthermore, 
every  group  should  include  a  record  of  the  relative  amounts  of  each  habitat  type  (and 
phase)  within  it;  this  will  serve  as  a  basis  for  general  statements  about  the  group. 
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APPENDIX  A 
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or  Abies  tasiooarpa  h.t.s.    These  35  were  not  counted  twice  in  the  "total  number  of  plots"  columns. 
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APPENDIX  B 


Distribution 
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types 
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APPENDIX  C-1 

(See  instructions  for  use  on  page  126) 
Constancy*  and  average  canopy  coverage  percent  fthe  latter  in  parentheses)  of  important  plants  in  Montana  forest  habitat  types  and  phases 
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APPENDIX  C-1  (con.) 

fSee  instructions  for  use  on  page  126) 
Constancy*  and  average  canopy  coverage  percent  fthe  latter  in  parentheses)  of  important  plants  in  Montana  forest  habitat  types  and  phases 
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APPENDIX  C-1  (con.) 

(See  instructions  for  use  on  page  126) 
Constancy*  and  average  canopy  coverage  percent  (the  latter  in  parentheses)  of  important  plants  in  Viontana  forest  habitat  types  and  phases 
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APPENDIX  C-1  Ccon.1 

(See  instructions  for  use  on  page  126) 

Constancy*  and  average  canopy  coverage  percent  fthe  latter  in  parentheses")  of  important  plants  in  Montana  forest  habitat  types  and  phases 
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APPENDIX  C-1  (con.) 

(See  instructions  for  use  on  page  126) 

Constancy*  and  average  canopy  coverage  percent  (the  latter  in  parentheses)  of  important  plants  in  Montana  forest  habitat  types  and  phases 
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•Code  to  constancy  values:  ♦  =  0-5%,  1  =  5-15%,  2  =  15-25%,  3  =  25-35%,  4  =  35-45%,  5  =  45-55%,  6  =  55-65%,   7  =  65-75%,  8  =  75-85%, 
9  =  85-95%,  10  =  95-100% 
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APPENDIX  C-1  fcon.) 

Constancy*  and  average  canopy  coverage  percent  (the  latter  in  parentheses! 


fSee  instructions  for  use  on  page  126) 
of  important  plants  in  Montana  forest  habitat  types  and  phases 
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h.t. 
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VASC 
phase 
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20 

13 
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APPENDIX  C-1  (con.) 

(See  instructions  for  use  on  page  126) 

Constancy*  and  average  canopy  coverage  percent  (the  latter  in  parentheses)  of  important  plants  in  Montana  forest  habitat  t)-pe5  and  phases 
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0) 

Equi 

arve 

0) 

0) 

-(  0) 

0) 

*(  1) 

-(  0) 

-C  0) 

-(  0) 

IC  1) 

0) 

-(  0) 

-(  0) 

U  1) 

0) 

0) 

Gymn  dryo 

0) 

0) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

0) 

0) 

GRAMNOIDS 

Agro 

scab 

0) 

0) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

*C  1) 

-(  0) 

0) 

-(  0) 

K  1) 

-(  0) 

1 

1) 

0) 

Agro 

spic 

1 

1) 

3 

1) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

3 

2) 

10(  1) 

-(  0) 

-(  0) 

0) 

2 

1) 

Cala 

cana 

1 

1) 

0) 

-(  0) 

0) 

*(  1) 

-(  0) 

-(  0) 

-(  0) 

1(  1) 

0) 

-(  0) 

K  3) 

1(  8) 

0) 

0) 

Cala 

rube 

2l 

15 

0) 

7(  2) 

0) 

i(  n 

*(  1) 

-(  0) 

-(  0) 

-(  0) 

3 

2) 

-(  0) 

10(36) 

10(23) 

7 

14) 

10 

36) 

Care 

geye 

3( 

3) 

10 

37) 

10(42) 

0) 

6(11) 

7(  4) 

2{  1) 

4(  S) 

1(  7) 

7 

8) 

-(  0) 

5(  7) 

2(  1) 

S 

4) 

7 

11) 

Fest 

idah 

2\ 

0) 

3( 

1) 

-(  0) 

2 

n 

K  1) 

-(  0) 

-(  0) 

2(  3) 

-(  0) 

6 

12) 

3(  1) 

2(  1) 

-(  0) 

0) 

2 

1) 

Fest 

scab 

0) 

3 

1) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

1 

1) 

-C  0) 

K  1) 

-(  D) 

0) 

0) 

Hesp  king 

0) 

0) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

0) 

0) 

Luzu 

hitc 

0) 

0) 

-(  0) 

0) 

-(  0) 

10(10) 

9(  8) 

3(24) 

9(13) 

0) 

-C  0) 

-(  0) 

-(  0) 

1 

0) 

0) 

Oryz 

aspe 

1) 

0) 

-C  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

0) 

-C  0) 

-(  0) 

-(  0) 

0) 

0) 

Schi 

purp 

0) 

0) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

0) 

-(  0) 

-(  0) 

-(  0) 

0) 

0) 

FORES 


Acta  rubr 

+  ( 

1) 

D) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

-(  0) 

I 

1) 

0) 

0) 

Aden  bico 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Aral  nudi 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -C 

0) 

-(  0) 

0) 

0) 

0) 

Ami  cord 

10( 

6) 

3 

1) 

8 

15) 

3{ 

9) 

51 

5) 

1 

2) 

0) 

2 

2) 

0) 

2 

26)  -( 

0) 

7(  2) 

7 

1) 

6( 

3) 

7( 

8) 

Ami  lati 

2( 

8) 

7 

3) 

2( 

63) 

7( 

5) 

8( 

9) 

7 

8) 

8 

7) 

7 

7) 

6 

5) 

2 

20)  -( 

0) 

-(  0) 

3 

18) 

*i 

2) 

0) 

Bals  sag! 

0) 

0) 

2 

1) 

0) 

0) 

0) 

0) 

0) 

0) 

1 

1)  -{ 

0) 

-(  0) 

0) 

0) 

0) 

Clem  pseu 

0) 

0) 

2 

1) 

0) 

0) 

0) 

0) 

1) 

0) 

1 

1)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Clem  tenu 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Clin  unif 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Copt  occi 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

D)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Com  cana 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

-(  0) 

1 

3) 

0) 

0) 

Disp  trac 

1( 

1) 

0) 

5 

1) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -{ 

0) 

-(  0) 

0) 

0) 

0} 

Gali  bore 

3( 

1) 

0) 

7( 

1) 

3{ 

1) 

11 

1) 

0) 

0) 

3) 

0) 

4 

2)  -( 

0) 

3(  1) 

1 

1) 

I( 

1) 

21 

1) 

Gall  trif 

0) 

3 

1) 

3( 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

1(  1) 

0) 

0) 

0) 

Gera  rich 

0) 

0) 

2 

1) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

1(  0) 

1 

0) 

0) 

0) 

Hier  grac 

0) 

3 

1) 

0) 

2( 

1) 

5| 

1) 

4 

0) 

3 

0) 

6 

1) 

6 

2) 

1 

3)  -( 

0) 

-(  0) 

0) 

I( 

1) 

0) 

Osmo  chil 

H 

1) 

3 

1) 

10 

1) 

7( 

1) 

31 

1) 

1 

1) 

0) 

2 

1) 

0) 

7 

0)  -( 

0) 

-(  0) 

2 

1) 

1( 

1) 

0) 

Pyro  asar 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

1(  0) 

0) 

0) 

0) 

Pyro  secu 

8( 

1) 

7 

1) 

10 

1) 

5( 

1) 

41 

1) 

2 

1) 

3 

0) 

1 

1) 

0) 

1 

1)  -( 

0) 

3(  0) 

7 

0) 

3( 

1) 

21 

1) 

Pyro  unif 

0) 

0) 

0) 

2( 

1) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Sene  stre 

3( 

1) 

0) 

0) 

3( 

1) 

1) 

0) 

0) 

1) 

0) 

3 

1)  3( 

1) 

-(  0) 

1 

1) 

0) 

31 

1) 

Sene  tria 

1) 

0) 

0) 

0) 

II 

1) 

1 

1) 

1 

1) 

1 

2) 

1 

1) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Smil  race 

1) 

0) 

7 

1) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

U  1) 

1 

1) 

0) 

0) 

Smil  stel 

*  ( 

1) 

0) 

5 

1) 

0) 

0) 

0) 

1) 

0) 

0) 

0)  -( 

0) 

-(  0) 

1 

1) 

0) 

0) 

Stre  ampl 

0) 

0) 

0) 

0) 

0) 

0) 

1) 

0) 

0) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Thai  occi 

8( 

6) 

7 

2) 

10 

18) 

0) 

2( 

3) 

2 

1) 

1) 

1 

1) 

0) 

2 

9)  -( 

0) 

3(  1) 

3 

1) 

I( 

3) 

0) 

Tiar  trif 

0) 

0) 

0) 

0) 

0) 

1) 

+ 

1) 

0) 

0) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Trol  laxu 

0) 

0) 

0) 

0) 

1) 

I 

1) 

0) 

0) 

0) 

0)  -C 

0) 

-(  0) 

0) 

0) 

0) 

Vale  site 

1) 

0) 

2 

1) 

0) 

4( 

2) 

4 

1) 

3) 

I 

1) 

1 

3) 

1 

1)  -( 

0) 

-(  0) 

1 

1) 

21 

0) 

0) 

Vera  viri 

0) 

0) 

2( 

1) 

0) 

11 

1) 

3 

1) 

2 

1) 

1) 

1 

1) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Viol  cana 

0) 

0) 

2( 

3) 

0) 

0) 

0) 

0) 

0) 

0) 

0)  -( 

0) 

-(  0) 

0) 

0) 

0) 

Viol  orbi 

3) 

0) 

2( 

1) 

0) 

1( 

1) 

4 

1) 

3 

1) 

I 

1) 

0) 

0)  -( 

0) 

-(  0) 

2 

1) 

1( 

3) 

0) 

Xero  tena 

0) 

0) 

0) 

0) 

2( 

31) 

9 

27) 

7 

15) 

4 

14) 

3 

1) 

1 

1)  -( 

0) 

1(  0) 

0) 

3( 

1) 

0) 

*Code  to 

constanc 

'  values; 

0-5%, 

1  = 

5-15%,  2 

=  IS 

-25%, 

3  = 

25- 

35%, 

4  = 

35-45%, S  = 

45- 

55%, 

6  = 

55-65%''.  7 

=  65- 

75%,  8  = 

75- 

85%, 

9  =  85-95%,  10  =  95-100% 
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APPENDIX  C-2 

(See  pocket  inside  back  cover) 
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APPENDIX  D-1 


Soils  data  in  the  following  four-page  table  are  presented  by  habitat  type  and 
phase  in  a  format  similar  to  that  for  vegetative  data  (appendix  C).     COARSE  FRAGMENT 
TYPES  are  shown  as  percentage  of  stands  in  which  a  given  rock  type  was  the  apparent 
primary  residual  parent  material.    TEXTURAL  CLASSES  are  also  shown  as  percentage  of 
stands  having  a  given  soil  texture.    All  other  categories  of  data  are  presented  as 
mean  values. 

These  appendix  data  and  the  individual  stand  data  were  used  in  writing  the  brief 
soil  descriptions  for  series,  habitat  types,  and  phases.    The  terminology  was  based 
primarily  on  the  USDA  Soil  Conservation  Service  (1975)  definitions  with  some  modifica- 
tions.    The  basis  for  the  adjectives  as  used  in  our  text  is: 

SURFACE  ROCK  EXPOSED  (Includes  cobbles,  stones,  and  fixed  rock;  i.e., 
material  >3  inches) 


15 


>15 


percent 


little 


moderate 


considerable 


BARE  SOIL  EXPOSED  (Includes  soil  and  gravel;  i.e.,  material  <3  inches) 


little 


15 


moderate 


>15 


considerable 


percent 


DUFF  DEPTH 


shallow 


moderate 


deep 


§  centimeters 


REACTION 


0 


5.  0 


6.  0 


7.  0 


very  acidic 


acidic 


slightly  I  neutral     |  slightly 
acidic  basic 


GRAVEL  CONTENT  (Includes  all  coarse  fragments  <3  inches  regardless  of 
kind  or  shape 


10 


20 


30 


1+0 


50 


>50 


nongravel ly 


gravelly 


very 
gravelly 


percent 
(by  weight) 
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0  ^  ^ 

c 

o 

<  UJ 

^   U.  4-1 

<  ^ 

^  a.  c 

o 

03 

X    D.  C 

< 

CO  re  II 
-J  D.  c 

U  re  11 

< 

>  CX  c 

<  • 

<  JO 

q:  01 

[-  re  II 
<  j= 

< 

ej  a,  c 

u  re  II 
u  a.  c 

<  <  ^ 

T 

<  >  J= 

c 

<  q:  ■ 

oa  <  ■ 
<  e)  x: 

c 

ID 

X   D-  C 

<  « 

<  x: 

CO 

^  "a  c 

< 

a:  X 
<c  a  c 

3  X  " 
U  D.  c 

<  o  ■ 
-J  a:  +-1 

ca  D.  ■ 

<  O  J= 

U  *-< 

<  ct  c 

ui  x: 

H 

2  ^  °° 

3  re  II 

U  Q.  c 

J  O  ■ 

Q.   I  4-1 

I  IX  ■ 

H  o  x: 

c 

X  II 

w  x: 
S  CL  c 

-J  • 

(_)  -M 

ZD  Si  ^ 

-J  JZ 
ex. 

15  " 

<   D.  C 

X 
H 

:z  3i  °° 
3  re  If 

U  fX  c 

O    I     1  o 


4-1    4J  . 

O  C 


O        O  CTi 


O        O  >JD 


<  U  ■ 

u  o 


U  <  CO  z 
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APPENDIX  D-2 


Climatic  parameters  for  stations  within  selected  habitat  types  in  or  near  Montana  ffrom  U.  S.  Weather  Service  records  unless  footnoted) 
("v/  =  approximately) 


:   Mean  monthly 

:       Average  : 

Mean 

Mean 

Mean 

:    Township  : 

Climax  series 

Estimated 

habitat 

:  temperature 

:       number  of  : 

annual 

May- Aug. 

annual 

Range  : 

and  station 

types  an 

d  phase 

•■  July 

:  Jan. 

:    frosts  (32°F): 

precipitation 

precipitation 

snowfall 

:     Section  : 

:levation 

:     June-August  : 

°F(°C) 

°F(°C) 

Inches 

Inches 

Inches 

Feet 

PINUS  FLEXILIS  SERIES 

Townsend  (near) 

AGSP 

66(19) 

17(-8) 

1 

10. 

4 

6. 

0 

MS 

7N2ES31 

3,833 

Blackleaf  (near) 

FEID 

FESC 

60(16) 

21(-6) 

14. 

6 

8. 

3 

26N7WS18 

4^600 

PINUS  PONDEROSA  SERIES 

Roundup 

AGSP 

72  (22) 

24(-4) 

0 

10. 

9 

6. 

5 

'^36 

8N25ES13 

3,227 

Plains 

FEID 

FEID 

67(19) 

25(-4) 

T 

14. 

0 

5. 

4 

M2 

20N26WS26 

2,473 

Canyon  Ferry 

PUTR 

71(22) 

26(-3) 

0 

12. 

1 

6. 

8 

10N1WS3 

3,850 

Lewiston  AP 

SYAL 

66(19) 

20(-7) 

1 

16. 

5 

9. 

6 

61 

15N18ES20 

4,130 

PSEUDOTSUGA  MENZIESIl  SERIES 

Libby  RS 

SYAL 

66(19) 

22(-6) 

3 

18. 

5 

4. 

5 

31N31WS34 

2,080 

Lincoln  RS 

SYAL 

61(16) 

17(-8) 

14 

19. 

4 

7. 

4 

-^100 

14N9WS24 

4,500 

Pleasant  Valley 

VACA 

60(16) 

20(-7) 

16 

18. 

9 

5. 

6 



27N26WS2 

3,600 

Greenough ' 

VACA 

63(17) 

18(-8) 

9 

17. 

8 

6. 

1 

MIO 

13N15WS14 

4,000 

Ecounit  1 . 5 

CARU 

ARUV 

63(17)'^22(-6) 

3 

4. 

7 

13N14WS15 

4,350 

PICEA  SPP.  SERIES 

Polebridge 

CLUN 

VACA 

61(16) 

17(-8) 

14 

23. 

1 

6. 

3 

122 

35N21WS27 

3,690 

Yellowstone  NE  entrance 

LIBO 

56(13) 

14(-10) 

29 

25. 

7 

9. 

7 

169 

9S14ES34 

7,200 

ABIES  GRAND  IS,  THUJA,  TSUGA 

SERIES 

Trout  Cr.  2W 

ABGR/CLUN 

64(18) 

23(-5) 

4 

30. 

0 

5. 

5 

"^90 

24N32ES24 

2,480 

Heron  2NW 

TSHE/CLUN 

CLUN 

64(18) 

24(-4) 

2 

34. 

3 

6. 

5 

87 

27N34WS29 

2,240 

ABIES  LASIOCARPA  SERIES 

Lower  subalpine  h.t.s: 

West  Glacier 

CLUN 

VACA 

64(18) 

21 (-6) 

1 

28. 

1 

8. 

0 

129 

32N19WS36 

3,154 

Seeley  Lake  RS 

CLUN 

XETE 

63(17) 

17(-8) 

6 

21. 

1 

6. 

5  ■ 

120 

17N15WS21 

4,030 

Roland,  Idaho 

CLUN 

MEFE 

62(17) 

23(-5) 

1 

53. 

8 

7. 

6 

274 

47N6ES35,ID 

4,150 

Burke,  Idaho 

MEFE 

60(16) 

22(-6) 

3 

48. 

6 

9. 

1 

234 

48N5ES11,ID 

4,093 

Summit  (U.S.  Hwy.  2) 

XETE 

VASC 

57(14) 

15(-9) 

18 

36. 

9 

9. 

3 

253 

30N14WS34 

5,213 

Kings  Hill 

VASC 

59(15) 

16(-9) 

13 

28. 

7 

11. 

1 

270 

13N8ES34 

7,300 

Upper  subalpine  and  timberline  h.t.s: 

Hell 's  Half  Acre,  Idaho^ 

ABLA/LUHI 

VASC 

58(14) 

-^8 

■^40 

27N16ES29 

8,117 

McCalla  Lake^ 

LALY-ABLA 

53(12) 

14(-10) 

M6 

M5 

'\'300 

9N21WS28 

8,000 

Old  Glory  Mtn. ,  B.C. " 

-vPIAL-ABLAS 

49(9) 

12(-11) 

'^-18 

28. 

3 

212 

49°  09'  N 

7,700 

117°  55'  W 

1  Steele  1972. 

^  Maintained  by  Bitterroot  National  Forest,  Forest  Service,  Hamilton,  Montana. 

^  Arno  1970. 

"*  Canadian  Department  of  Transport  1967. 

^  Tundra  site  about  100  feet  in  elevation  above  timberline. 
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APPENDIX  E-1 


Mean  basal  areas  and  50-year  site  indexes  for  Montana  stands  by  habitat  type.    Means  are  shoKn  where  n  =  3  or  isore; 
confidence  limits  (95  percent)  for  estinating  the  mean  are  given  where  n  =  5  or  r.ore. 


Habitat  typ 

e 

(Kootenai,  Flathead, 

West-side 
Lolo,  and  Bitterroot  National 

Forests) 

Habitat  tNTe 

Eas 

Deerlodge,  Beaverhead, 
Gallatin,  and  Cust 

t- side 

Helena,  Lewis  and  C 
er  National  Forests) 

lark. 

: Basal  area; 
: (ft^/acre) : 

Site  index  by 

species 

: Basal 

: (ft^/ 

area: 

Site 

index  by 

species 

PI  PC  : 

PSME 

:     PICO     ;  LAOC 

:     PICEA  : 

ABGR  : 

ABLA  : 

acre) ; 

PIPO 

PSME 

:  PICO 

:     PICEA  : 

ABLA 

SCREE 

156  ± 

73 

44  ±  8 

38  +  6 

SCREE 

64  ± 

24 

21  ±  ? 

PIFL/AGSP 

PIFL/AGSP 

89  + 

40 

PIFL/FEID 

PIFL/FEID 

91  ; 

23 

24  ±  5 

PIFL/JUCO 

PIFL/JUCO 

139  + 

79 

25  +  7 

PIPO/AGSP 

101  ± 

25 

45  ±  9 

PIPO/AGSP 

111  + 

17 

30  +  10 

PIPO/FEID 

139  ± 

21 

46+5 

PIPO/FEID 

135  + 

36 

29  +  12 

PIPO/PUTR 

77  + 

28 

45  ±  14 

PIPO/PUTR 

96  ± 

26  +  ? 

PIPO/SYAL 

170  ± 

, 

44  ±  ? 

PIPO/SYAL 

168  + 

42 
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10 
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47 
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226  ± 
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56 
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23 

54  ±  5 

52  +  4 
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196  + 

26 

43  +  11 

41  ±  4 

46  + 

7 
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191  ± 

24 
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47  +  6 

48  ±  ? 
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206  + 

19 

45  ±  ? 

38  +  3 

45  ± 

4 
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186  ± 

PSHE/CAGE 

253  ± 

67 

36  +  ? 

PSME/SPBE 

142  ± 

63  ±  ? 

49  +  ? 
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195  ± 

62 

PSME/ARUV' 

PSME/ARUV 

138  + 

35 

41  +  17 

28  ±  7 
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196  ± 

34 
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41  ± 

6 
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PSME/ARCO 
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44 

36  ±  4 
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203  + 

45 

51  + 

11 
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241  ± 

38 

60  +  ? 

60  ±  2 

69  ±  6 
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PICEA/PHMA 

PICEA/PHMA 

199  ± 

7 

58  ±  ? 

50  + 
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234  + 

41 

53  ± 

7 

58  + 

7 
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65  ±  ?      74  ±  ? 

64  ±  ? 
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29  ± 

7 
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PICEA/LIBO 

177  ± 

17 

40  +  ? 

49  ± 

4 

52  ± 

9 

PICEA/SUST 

PICEA/SMST 

224  + 

40 

44  +  8 

53  ± 

14 

ABGR/CLUN 

254  ± 

94 

71  ±  ? 

73  +  ? 

58  +  15 

ABGR/CLUN 

ABGR/LIBO 

195  ± 

9 

54  +  7 

ABGR/LIBO 

THPL/CLUN 

305  ± 

96 

66  ±  ? 

63  ±  ? 

72  +  14 

61  ±  ? 

74 

THPL/CLUN 

TSHE/CLUN 

267  ± 

55 

(PIMO- 

-62  +  ?) 

80  ±  ? 

77  ±  ? 

50  +  ? 

TSHE/CLUN 

ABLA/OPHO 

351  ± 

■7 

69  +  ? 

ABLA/OPHO 

ABLA/CLUN 

248  ± 

24 

66  ±  7 

60  ±  5  63+6 

66  +  6 

55  +  9 

59 

6 

ABLA/CLUN 

203  + 

73 

44  ± 

8 

40  ± 

7 

ABLA/GATR 

196  + 

47 

50  ±  12 

58  ±  9 

67 

+ 

22 

ABLA/GATR 

244  + 

27 

46  ±  ? 

43  + 

7 

53  + 

6 

47  + 

5 

ABLA/VACA 

ABLA/VACA 

177  ± 

33 

47  ± 

3 

47  ± 

7 

ABLA/CACA 

177  ± 

7 

50  ±  7 

51  ±  5 

48 

7 

ABLA/CACA 

247  ± 

56 

50  + 

13 

45  + 

4 

43  ± 

5 

ABLA/LIBO 

166  ± 

35 

46  ±  9 

55  ±  7      56  ±  ? 

53 

+ 

12 

ABLA/LIBO 

191  + 

20 

43  ±  9 

46  ± 

11 

44  ± 

5 

43  ± 

11 

ABLA/KEFE 

172  ± 

26 

50  ±  8 

56  ±  6      67  +  ? 

60  ±  10 

57 

+ 

9 

ABLA/^EFE 

195  + 

41 

50  ± 

7 

52  ± 

7 

ABLA/XETE 

188  ± 

26 

40  ±  6 

45  ±  6      51  ±  ? 

56  ±  ? 

47 

5 

ABLA/XETE 

226  + 

39 

43  + 

7 

TSME/XETE 

114  ± 

7 

TSME/XETE 

ABLAA'AGL 

ABLA/VAGL 

201  ± 

33 

42  + 

4 

43  ± 

? 

42  + 

5 

ABLA/V.ASC, 

IHOC 

ABLA/VASC,  THOC 

295  ± 

33 

45  ± 

4 

46  ± 

11 

40  ± 

7 

ABLA/VASC, 

other 

ABLA/VASC,  other 

175  ± 

20 

40  ± 

5 

45  + 

7 

40  ± 

5 

ABLA/ALSl 

ABLA/ALSI 

50  + 

7 

46  + 

7 

ABLVCARU 

ABLA/CARU 

222  ± 

85 

40  +  10 

57  ± 

7 

50  + 

12 

ABLA/CLPS 

ABLA/CLPS 

268  ± 

51 

30  ±  ? 

33  + 

5 

40  ± 

7 

ABLA/ARCO 

ABLA/ARCO 

220  + 

41 

43  ±  6 

41  ± 

3 

45  ± 

47  ± 

3 

ABLA/CAGE 

ABLA/CAGE 

40  + 

12 

ABLA/RIMO 

ABLA/RIMO 

40  ± 

ABLA-PIAL/VASC 

ABLA-PIAL/VASC 

245  ± 

24 

33  ± 

5 

31  ± 

5 

32  ± 

3 

ABLA/LUHI 

187  + 

30 

55  +  8 

43  +  9 

31 

+ 

5 

ABLA/LUHI 

256  ± 

73 

38  + 

17 

34  ± 

8 

PIAL-ABLA 

146  ± 

49 

16 

7 

PIAL-ABLA 

247  + 

63 

25  + 

7 

LALY-ABLA 

20  ±  ? 

14 

4 

LALY-ABLA 

PIAL 

PIAL 

199  ± 

39 

21  ± 

7 

PICO/PUTR  h 

.t. 

PICO/PUTR  h 

t. 

130  ± 

40  + 

7 

PICO/VACA  c 

.t. 

PICO/VACA  c 

t. 

184  ± 

27 

50  ± 

5 

PICO/LIBO  c 

.t. 

PICO/LIBO  c. 

t. 

193  ± 

29 

52  ± 

7 

PICO/VASC  c 

.t. 

PICO/VASC  c 

t. 

166  ± 

22 

41  ± 

4 

PICO/CARU  c 

.t. 

PICO/CARU  c 

t . 

159  ± 

22 

4"  ± 

i: 
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APPENDIX  E-2 


Mean  maximum  heights  (in  feet)  for  Montana  stands  by  tree  species  and  habitat  type.    Means  are  shown  where  n  =  3  or  more; 
confidence  limits  (95  percent)  for  estimating  the  mean  are  given  where  n  =  5  or  more. 


Habitat  type 


Maximum  height  by  species  for  the  West-side 
(Kootenai,  Flathead,  Lolo,  and  Bitterroot  National  Forests) 


Habitat  t 


ype 


Maximum  height  by  species  for  the  Hast-side 
(Deerlodge,  Beaverhead,  Helena,  Lewis  and  Clark,  Gallatin,  and 
 Custer  National  Forests)  


PIFL 


PIPO 


PSME 


PICO 


PICF.A 


ABLA 


'lAL 


SCREE 
PIFL/AGSP 
PIFL/FEID 
PIFL/JUCO 


106 


SCREE 
PIFL/AGSP 
PIFL/FEID 
PIFL/JUCO 


30  ±  ? 

31  ±  12 
39  ±  8 
35  ±  11 


58  +  ? 

43  ±  14 

39  ±  ? 


PIPO/FEID 

106 

r iru/ rtuor 
PIPO/FEID 

3  / 

74 

- 

1^ 
10 

PIPO/SYAL 

PIPO/SYAL 

76 

+ 

PIPO/PRVI 

PIPO/PRVI 

83 

8 

PSME/AGSP 

PSME/AGSP 

69 

- 

19 

60 

- 

8 

PSME/FEID 

PSME/FEID 

65 

+ 

8 

PSME/FESC 

89 

+ 

7 

77 

+ 

7 

PSME/FESC 

67 

+ 

, 

58 

9 

PSME/VACA 

123 

+ 

10 

104 

+ 

7 

128 

+ 

14 

PSME/VACA 

PSME/PHTIA 

118 

+ 

20 

101 

PSME/PHMA 

75 

12 

PSME/VAGL 

115 

15 

85 

11 

PSNE/VAGL 

71 

PSME/LIBO 

89 

106 

- 

17 

PSME/LIBO 

82 

- 

6 

PSME/SYAL 

113 

+ 

1  8 

PSME/SYAL 

87 

+ 

10 

PSME/CARU 

105 

+ 

7 

91 

6 

PSME/CARU 

77 

4 

71 

8 

PSME/CAGE 

PSME/CAGE 

76 

+ 

13 

PSME/SPBE 

PSME/SPBE 

57 

+ 

PSNE/ARUV 

PSME/ARUV 

76 

+ 

14 

PSME/JUCO 

PSME/JUCO 

69 

13 

PSME/ARCO 

PSME/ARCO 

73 

+ 

8 

PICEA/EQAR 

PICEA/EQAR 

110 

7 

PICEA/CLUN 

135 

8 

PICEA/CLUN 

PICEA/PHMA 

PICEA/PHMA 

86 

+ 

PICEA/GATR 

FlLbA/bAl R 

1 09 

PICEA/SEST 

PICEA/SEST 

54 

11 

PICEA/LIBO 

PICEA/LIBO 

87 

9 

88 

11 

99 

9 

PICEA/SMST 

PICEA/SMST 

89 

9 

ABGR/CLUN 

107 

+ 

ABGR/CLUN 

ABGR/LIBO 

98 

+ 

7 

117 

+ 

ABGR/LIBO 

THPL/CLUN 

127 

7 

149 

21 

141 

135  i 

THPL/CLUN 

TSHE/CLUN 

129 

21 

141 

TSHE/CLUN 

ABLA/CLUN 

124 

+ 

9 

133 

+ 

7 

132 

±  32 

120  1 

ABLA/CLUN 

ABLA/GATR 

ABLA/GATR 

95 

17 

84 

9 

102 

+ 

5 

88 

+  ? 

ABLA/CACA 

94 

10 

110 

±  ? 

ABLA/CACA 

79 

10 

101 

8 

ABLA/LIBO 

101 

+ 

113 

7 

ABLA/LIBO 

86 

+ 

8 

83 

8 

ABLA/MEFE 

95 

+ 

88 

8 

106 

17 

109 

±  7 

96  i 

t  10 

ABLA/MEFE 

82 

12 

99 

+ 

11 

87 

+  ? 

ABLA/XETE 

86 

+ 

8 

82 

96 

+ 

10 

ABLA/XETE 

71 

+ 

10 

90 

27 

ABLA/VAGL 

ABLA/VAGL 

79 

+ 

9 

80 

+ 

8 

ABLA/VASC. 

THOC 

ABLA/VASC,  THOC 

77 

+ 

6 

90 

+ 

10 

ABLA/VASC, 

other 

ABLA/VASC,  other 

71 

+ 

4 

75 

+ 

ABLA/CARU 

ABLA/CARU 

82 

+ 

10 

ABLA/CLPS 

ABLA/CLPS 

64 

+ 

70 

8 

ABLA/ARCO 

ABLA/ARCO 

81 

+ 

9 

78 

+ 

80 

ABLA/CAGE, 

PSME 

ABLA/CAGE,  PSME 

89 

13 

82 

+  ? 

ABLA-PIAL/VASC 

ABLA-PIAL/VASC 

66 

8 

76 

8 

60 

±  7 

57  ±  5 

ABLA/LUHI 

67 

+ 

9 

94 

±  11 

70  i 

t  8  64+6 

ABLA/LUHI 

PIAL-ABLA 

55  +  8 

PIAL-ABLA 

45 

+ 

15 

29 

+  6 

42  +  7 

LALY-ABLA 

54 

±  10 

46  i 

h  ? 

LALY-ABLA 

PIAL 

PIAL 

52  ±  ? 

PICO/VACA  c 

.t. 

PICO/VACA  c.t. 

83 

+ 

7 

PICO/LIBO  c 

.t. 

PICO/LIBO  c.t. 

92 

9 

PICO/VASC  c 

.t. 

PICO/VASC  c.t. 

67 

5 
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APPENDIX  E-3 

Estimated  yield  capabilities  of  West-side  Montana  habitat  types 
based  on  site  index  data  and  stockability  factors.  (Kootenai, 
Flathead,  Lolo,  and  Bitterroot  National  Forests) 
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APPENDIX  E-4 

Estimated  yield  capabilities  of  East-side  Montana  habitat  types  based  on 
site  index  data  and  stockability  factors.     (Deerlodge,  Beaverhead,  Helena, 
Lewis  and  Clark,  Gallatin,  and  Custer  National  Forests) 
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APPENDIX  F 

Montana  habitat  type  field  form  (for  3  plots) 


NAME 


TOPOGRAPHY : 

1-  Ridge 

2-  Upper  slope 

3-  Mid  slope 
Lower  slope 

5-  Bench  or  flat 

6-  Stream  bottom 


(CODE  DESCRIPTION) 
HORIZONTAL 
CONFIGURATION: 

1 -  Convex  (dry) 

2-  Straight 

3-  Concave  (wet) 

4-  Undulating 


CANOPY  COVERAGE  CLASS: 


0=Absent 
T=Rare  to  1% 
1=1  to  5% 
2=5  to  25% 

NOTE: 


3=25  to  50% 
4=50  to  75% 
5=75  to  95% 
6=95  to  100% 

Rate  trees  (>4"  dbh) 


DATE 

Plot  No. 

Location 
T,  R,  S 

Elevation 

Aspect 

Slope 

Topography 

Configuration 

and  regen  (0-4"  dbh)   separately  (e.g.,  4/2) 


TREES    Scientific  Name 


Abbrev 


Common  Name 


Canopy  Coverage  Class 


1.  Abies  grandis 

2.  Abies  lasiocarpa 

3.  Larix  lyallii 


ABGR 
ABLA 
LALY 


grand  fir 
subalpine  fir 
alpine  larch 


4.  Larix  occidentalis 

5.  Picea  engelmannii 

6.  Picea  glauca  


LAOC           western  larch 
PIEN           Engelmann  spruce 
PIGL  white  spruce  


7.  Pinus  albicaulis 

8 .  Pinus  contorta 

9.  Pinus  flexilis 


PIAL 
PICO 
PIFL 


10.  Pinus  monticola 

11.  Pinus  ponderosa 

12.  Pseudotsuga  menziesii 


whitebark  pine 
lodgepole  pine 
limber  pine 


13.  Thuja  plicata 

14.  Tsuga  heterophylla 

15 .  Tsuga  mertensiana 


PIMO  western  white  pine 

PIPO  ponderosa  pine 

PSME  Douglas-fir 


THPL  western  redcedar 

TSHE  western  hemlock 

TSME  mountain  hemlock 


SHRUBS  AND  SUBSHRUBS 


1.  Alnus  sinuata 

2.  Arctostaphylos  uva-ursi 

3.  Berberis  repens  


ALSI  Sitka  alder 

ARUV  kinnikinnick 
BERE  creeping  Oregon  grape 


4.  Cornus  canadensis  COCA 

5.  Holodiscus  discolor  HODI 

6 .  Juniperus  communis  (+  horizontalis)  JUCO 


7.  Ledum  glandulosum 

8.  Linnaea  borealis 

9.  Menziesia  ferruginea 


LEGL 
LIBO 
MEFE 


bunchberry  dogwood 
ocean  spray 

common  (+  creeping)  juniper 


Labrador  tea 
twinf lower 
menziesia 


10.  Oplopanax  horridum 

11.  Physocarpus  malvaceus 

12.  Prunus  virginiana  


OPHO 
PHMA 
PRVI 


devil's  club 

ninebark 

chokecherry 


13.  Purshia  tridentata 

14.  Ribes  montigenum 

15.  Shepherdia  canadensis 


15.     Spiraea  betulifolia 

17.  Symphoricarpos  albus 

18.  Symphoricarpos  oreophilus 


PUTR 
RIMO 
_SHCA_ 
SPBE 
SYAL 
SYOR 


bitterbrush 
mountain  gooseberry 
buf f aloberry  


white  spiraea 
common  snowberry 
mountain  snowberry 


19.  Vaccmiuiii  caespitosum  VACA 

20.  Vaccinium  globulare  (+  membranaceum)  VAGL 

21 .  Vaccinium  scoparium  (+  myrtillus)  VASC 


dwarf  huckleberry 
blue  huckleberry 
grouse  whortleberry 


PERENNIAL  GRAMINOIDS 


1 .  Agropyron  spicatum 

2.  Andropogon  spp. 

3 .  Calamagrostis  canadensis 


AGSP  bluebunch  wheatgrass 

AND  bluestem 

CACA  bluej  oint  


4.  Calamagrostis  rubescens 

5.  Carex  geyeri 

6.  Festuca  idahoensis 


CARU 
CAGE 
FEID 


pmegrass 
elk  sedge 
Idaho  fescue 


7. 


Festuca  scabrella 

Luzula  hitchcockii  (=  glabrata) 


FESC 
LUHI 


rough  fescue 
wood-rush 


PERENNIAL  FORBS  AND  FERNS 


1 . 
2. 

li 

4. 

5. 
_6. 

7. 

8. 
_9^ 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


Actaea  rubra 
Antennaria  racemosa 
Aralia  nudicaulis 


ACRU  baneberry 

ANRA  woods  pussytoes 

ARNU  wild  sarsaparilla 


Arnica  cordifolia  ARCO 
Athyxium  filix-femina  ATFI 

Balsamorhiza  sagittata  BASA 

Clematis  pseudoalpina  (+  tenuiloba)  CLPS 
Clintonia  uniflora  CLUN 
Equisetum  arvense  EQAR 


heartleaf  arnica 
lady  fern 

arrowleaf  balsamroot 


virgin's  bower 
queencup  beadlily 
common  horsetail 


Equisetum  spp. 
Galium  triflorum 
Gymnocarpium  dryopteris 


EQU  horsetails  S  scouring  rush 

GATR  sweetscented  bedstraw 

GYDR  oak  fern 


Senecio  streptanthifolius 
Senecio  triangularis 
Smilacina  stellata 


SEST  cleft -leaf  groundsel 

SETR  arrowleaf  groundsel 

SMST  starry  Solomon's  seal 


Streptopus  amplexifolius 
Thalictrum  occidentale 
Valeriana  sitchensis 


Viola  orbiculata 
Xerophyllum  tenax 


STAM 
THOC 
_VASI_ 
VIOR 
XETE 


twisted  stalk 
western  meadowrue 
sitka  valerian 


round- leaved  violet 
beargrass  


SERIES 
HABITAT  TYPE 
PHASE 
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APPENDIX  G--Glossary 


The  following  terms  are  defined  in  relation  to  our  specific  usage  in  this  report. 
These  definitions  should  minimize  misunderstanding  resulting  from  the  fact  that  tech- 
nical specialists  have  various  definitions  for  some  of  these  terms.     Hanson  (1962) 
and  Ford-Robertson  (1971)  were  used  as  primary  references. 

Abundant,     When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species  having 
a  canopy  coverage  of  25  percent  or  more  in  a  stand. 

Accidental.     A  species  that  is  found  rarely  or  at  most  occasionally  as  scattered 
individuals  in  a  given  habitat  type. 

Association.     Climax  plant  (forest)  community  type. 

Basal  area.     The  area  of  the  cross-section  of  a  tree  trunk  4.5  feet  above  the  ground, 
usually  expressed  as  the  sum  of  tree  basal  areas  in  square  feet  per  acre. 

Bench^  henchland.     An  area  having  flat  or  gently-sloping  terrain  (less  than  15  percent 
slope),  applied  usually  to  the  higher  ground  in  a  river  valley. 

Browse.     Shrubby  forage  utilized  especially  by  big  game. 

Canopy  coverage.     The  area  covered  by  the  gross  outline  of  an  individual  plant's  foliage, 
or  collectively  covered  by  all  individuals  of  a  species  within  a  stand  or  sample 
plot.     Canopy  coverage  is  expressed  as  a  percentage  of  the  total  area  in  the  plot, 
or  as  a  canopy  coverage  class  (for  example,  class  #1  =  1  to  5  percent  coverage). 

Climax  community.     The  culminating  stage  in  plant  (forest)  succession  for  a  given 

environment,  that  develops  and  perpetuates  itself  in  the  absence  of  disturbance. 

Climax  species.     A  species  that  is  self-regenerating  in  the  absence  of  disturbance  with 
no  evidence  of  replacement  by  other  species. 

Climax,  types  of  . . .  in  relation  to  environment  (Polyclimax  Concept). 

Climatic  climax.     The  climax  that  develops  on  "normal"  (well-drained,  medium- 
textured)  soils  and  gently  sloping  topography. 

Edaphic  climax.     A  variation  from  the  climatic  climax  caused  by  "abnormal" 
soil  conditions. 

Topographic  climax.     A  variation  from  the  climatic  climax  caused  by  topography 
that  markedly  influences  microclimate. 

Topo-edaphic  climax.     A  variation  from  the  climatic  climax  caused  by  the 

combination  of  topographic  and  edaphic  effects.     (Example:     Lavix  lyallii 
stands  occupying  north-slope  boulder  piles.) 

Common.     When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species  having  a 
canopy  coverage  of  1  percent  or  more  in  a  stand. 
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Community  (-plant  community).     An  assembly  of  plants  living  together,  reflecting  no 
particular  ecological  status. 


Constancy.     The  percentage  of  stands  in  a  habitat  type  that  contain  a  given  species. 
(Appendix  C-1  uses  "constancy  classes"--"r'  =  S  to  15  percent,  "2"  =  15  to  25 
percent,  etc.) 

d.b.h.     (diameter  at  breast  height).     Tree-trunk  diameter  measured  4.5  feet  above  the 
ground . 

Depauperate.     Describing  an  unusually  sparse  coverage  of  undergrowth  vegetation.  This 
condition  usually  develops  beneath  an  especially  dense  forest  canopy,  often  on 
sites  having  a  deep  layer  of  duff. 

Ecosystem.     Any  community  of  organisms  along  with  its  environment,  forming  an 
interacting  system. 

Ecotone.     The  boundary  or  transition  zone  between  adjacent  plant  communities,  often 
representing  different  habitat  types. 

Edaphic.     Refers  to  soil. 

Forb.     An  herbaceous  plant  that  is  not  a  graminoid. 

Frequency.     The  percentage  of  quadrats  (tiny  plots)  in  a  single  sample  stand  that 

contain  a  given  species,  or  more  generally  the  degree  of  uniformity  with  which 
individuals  of  a  species  are  distributed  in  a  stand. 

Graminoid.     All  grasses  {Gramineas')  and  grasslike  plants,  including  sedges  {Carex)  and 
rushes  {Juncus) . 

Habitat  type.     An  aggregation  of  all  land  areas  potentially  capable  of  producing  similar 
plant  communities  at  climax. 

Indicator  plant.     A  plant  whose  presence  or  abundance  indicates  the  presence  of  certain 
environmental  conditions- -presence  of  a  habitat  type  or  phase. 

Phase.     A  subdivision  of  an  association  and  a  habitat  type  representing  minor 

differences  in  climax  vegetation  and  environmental  conditions,  respectively. 

Phenotype.     A  group  of  individuals  distinguished  on  the  basis  of  visible  characteristics- 
in  contrast  to  a  "genotype"  which  is  defined  on  the  basis  of  genetic  similarities. 

Poorly  represented.     When  relating  to  plant  coverage  in  the  habitat  type  key,  any 
species  that  is  absent  or  has  a  canopy  coverage  of  less  than  5  percent. 

Riparian.     Vegetation  bordering  watercourses,  lakes,  or  swamps;  it  requires  a  high  water 
table. 

Scarce.     When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species  that  is 
absent  or  has  a  canopy  coverage  of  less  than  1  percent. 

Scree.     Any  slope  covered  with  loose  rock  fragments.     Forested  scree  (abbreviated  SCREE) 
is  a  term  for  certain  topo-edaphic  climaxes  that  are  described  under  OTHER 
VEGETATION  TYPES  in  this  report. 
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Serat.     A  species  or  community  that  is  replaced  by  another  species  or  community  as 
succession  progresses. 

Series.     A  group  of  habitat  types  having  the  same  climax  tree  species.     For  example  the 
Pinus  flexilis  series  contains  the  FIFL/AGSP,  FIFL/FEID,  and  PIFL/JUCO  h.t.s. 

Site  index.     An  index  of  timberland  productivity  based  upon  the  height  of  specific  trees 
at  a  certain  reference  age  (usually  50  or  100  years). 

Stand.     A  plant  community  that  is  relatively  uniform  in  composition,  structure,  and 

habitat  conditions;  thus  it  may  serve  as  a  local  example  of  a  community  type  on  a 
habitat  type. 

Stochahility  factor.     An  estimate  of  the  stocking  potential  on  a  given  site;  for  example 
a  factor  of  0.8  indicates  that  the  site  is  capable  of  supporting  only  about  80 
percent  of  "normal"  stocking  as  indicated  in  yield  tables. 

Stocking.      A  general  term  for  the  number  of  trees  (considering  their  size  class)  per 
acre . 

Succession.     The  progressive  changes  in  plant  communities  toward  climax. 

Union.     One  or  more  species  having  similar  environmental  amplitudes  within  a  geographic 
area;  thus  their  presence  is  indicative  of  certain  microenvironmental  conditions. 

AfeZZ-  represented.     When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species 
having  a  canopy  coverage  of  greater  than  5  percent. 

Yield  capability.     The  maximum  mean  annual  increment  attainable  in  a  fully  stocked 

natural  stand,  expressed  in  cubic  feet  per  acre  per  year.     (See  a  forest  mensura- 
tion textbook  for  the  distinction  between  "mean  annual  increment"  and  "periodic 
annual  increment";  growth  in  a  specific  year,  or  period  of  years,  is  termed  the 
latter.) 
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Figure  7. --Key  to  climax  series,  habitat  types,  and  phases  (4  pages) 

Appendix  C-2 .- -Presence  list:  numbers  of  sample  stands  where  each 
species  occurred,  by  habitat  type  and  phase.     (2  sheets) 

Appendix  F. --Montana  habitat  type  field  form.     (1  page) 

Examples  of  forest  habitat  types  in  Montana  (1  sheet) 
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EXAMPLES  OF  FOREST  HABITAT  TYPES  IN  MONTANA 


Pjnusjj^nderosafA^ropyron  spicatum  h.t. 


Pseudotsuga  menziesii/Vacclnlum 


Pseudotsuga  menziesU^accinium  qlobulare  h.t. 


Pseudotsuqa  menziesii/Symphoricarpos  albus  h.t. 


Pseudotsuga  menziesii/Calamagrostis 
rubescens  h.t. 

\ag<osUs  phase)  SE.  alnpo  (6,300 11)  In  wosl  cenlra!  Montana.  Typical  pa 


^  Pseudots^u^a  menziesii/Carex  ^eyenh.X. 


Wal  valtay  boUom  alls  (5.600 1 


Picea/Equisetum  arvense  h.t. 

torn  alls  (S.eOO  II)  with  deep  altinlal  sill  In  ceni'alMon 


^^^^^^^cea/C/Mton/a  uniflora  h.t. 


Picea/Linnaea  borealis  h.t. 


>*jb/es  ^randis/Clintonia  uniflora  h.t. 


Thuia  plicata/Clintonia  uniflora  h.t. 

la  ptiaae)  Hlah-olovmlon  (5,200 11)  canyon  nofW  ot  MUsoulS-^Seial  Ladi  and 


Abies  /asiocai^yiMenziesJaferrug/nea^h^ 


Abies  lasiocarpa-Piniis  albicautis/Vaccinium 


Abies  lasiocarpa/Galium  triflorum  h.t. 


Abies  lasiocarpa/Vaccinium  ^lobulare  h.t. 

■nly  Abies  liteaenB'3llnB.VocclnlumglabulaielotinsaaBnsalayeiMO-]Vif\ higli. 


Abies  taslocarpa/Vaccinium  scopanum  h.t^ 


>!\ij/es  lasiocarpa/Calamagrostis  canadensis  h.t. 


^AJbiesJasiocarpaiCalam^^ 


'^'^f^s'^slocargafArnfca^cor^^^^^ 
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Figure  7.  --  Key  to  climax  series,  habitat  types,  and  phases. 


READ  THESE  INSTRUCTIONS  FIRST! 


Use  this  key  for  stands  with  a  mature  tree  canopy 
that  are  not  severely  disturbed  by  grazing,  logging, 
forest  fire,  etc.     (If  the  stand  is  severely  disturbed 
or  in  an  early  successional  stage,  the  habitat  type 
can  best  be  determined  by  extrapolating  from  the  near- 
est mature  stand  occupying  a  similar  site.) 

Accurately  identify  and  record  canopy  coverages  for 
all  indicator  species  (appendix  F) . 

Check  plot  data  in  the  field  to 
verify  that  the  plot  is  representa- 
tive of  the  stand  as  a  whole.  If 
not,  take  another  plot. 


Identify  the  correct  potential 
climax  tree  species  in  the  SERIES 
key.     (Generally,  a  tree  species 
is  considered  reproducing  suc- 
cessfully if  10  or  more  individ- 
uals per  acre  occupy  or  will 
occupy  the  site.) 


Within  the  appropriate  series, 
key  to  HABITAT  TYPE  by  following 
the  key  literally.  Determine 
PHASE  by  matching  the  stand  con- 
ditions with  the  phase  descrip- 
tions for  the  type.     (The  first 


Percent 
Canopy  Coverage^ 


phase  description  that  fits  the  stand  is  the  correct 
one . ) 

Use  the  definitions  diagramed  below  for  canopy  cover- 
age terms  in  the  key.     If  you  have  difficulty  decid- 
ing between  types,  refer  to  constancy  and  coverage 
data  (appendix  C-1)  and  the  habitat  type  descriptions. 

In  stands  where  undergrowth  is  obviously  depauperate 
(unusually  sparse)  because  of  dense  shading  or  duff 
accumulations,  adjust  the  above  definitions  to  the 
next  lower  coverage  class  (e.g.,  well  represented  >1%, 
common  >0%) . 

Remember,  the  key  is  NOT  the  classification  I  Validate 
the  determination  made  using  the  key  by  checking  the 
written  description. 


0%   1%  5% 


Absent 


Present  (not  obviousI\ 


25°, 


50% 


75% 


95%  100% 


I  T 

restricted  to  atypical 

 4  


Poorly  represented 
_L_ 


Coverage  Class 


Well  represented:': 


■'■  -     !■  ■ 

Abundant • 


microsites) 


KEY  TO  CLIMAX  SERIES 
(DO  NOT  PROCEED  UNTIL  YOU  HAVE  READ  THE  INSTRUCTIONS!) 

I.     Habitats  on  steep  slopes  (30°) composed  primarily  of  unstable 

fine  rock;  undergrowth  sparse,  poorly  developed  and  quite  variable.    .    .   .  SCREE  (p.  121) 

I.     Habitats  on  sites  with  some  soil  development  and  stability; 

undergrowth  rather  well  developed  and  somewhat  uniform   2 

2.     Tsuga  heterophylla  present  and  reproducing  successfully   TSUG^HETEROPHYLLA  SERIES  (item  G) 

2.     Tsuga  heterophylla  not  the  indicated  climax    3 


3.     Thuja  plicata  present  and  reproducing  successfully  Tl 

3.     Thuj a  plicata  not  the  indicated  climax  4 


JJA  PLICATA  SERIES  (item  F) 


4.     Abies  grandis  present  and  reproducing  more  successfully  than 

Abies  TasTocarpa   AERIES  GRANDIS  SERIES  (item  E) 

4.     Abies  grandis  not  the  indicated  climax   5 

5.     Abies  lasiocarpa,  Tsuga  mertensiana,  or  Larix  lyallii  present  and 

reproducing  successfully,  or  Pinus  albicaulis  the  dominant  tree    ABIES  LASIOCARPA  SERIES  (item  I) 

5.     Not  as  above   6 

6.     Picea  present  and  reproducing  successfully   PICEA  SERIES  (item  D) 

6.     Picea  not  the  indicated  climax   7 

7.     Pinus  flexilis  a  successfully  reproducing  dominant;  often  sharing  that 

itluTs  with  Pseudotsuga   PINUS  FLEXILIS  SERIES  (item  A) 

7.     Pinus  flexilis  absent  or  clearly  serai   8 

8.     Pseudotsuga  menziesii  present  and  reproducing  successfully   PSEUDOTSUGA  MENZIESII  SERIES  (item  C) 

8.     Pseudotsuga  menziesii  not  the  indicated  climax   9 

9.     Pure  Pinus  contorta  stands,  with  little  evidence  as  to  potential 

climax   PINUS  CONTORTA  SERIES  (item  H) 

9.     Pinus  contorta  absent;  Pinus  ponderosa  the  indicated  climax    PINUS  PONDEROSA  SERIES  (item  B) 


A.     Key  to  Pinus  flexilis  Habitat  Types 


Festuca  idahoensis  well  represented  or  F.   scabrella  common  PINUS  FLEXI LIS/FESTUCA  IDAHOENSIS  h.t.   (p.  25) 

a.  Festuca  scabrella  common  FESTUCA  SCABRELLA  phase 

b.  F.   scabrella  scarce    FESTUCA  IDAHOENSIS  phase 

£.   idahoensis  poorly  represented  and  F.   scabrella  scarce  2 

2.     Agropyron  spicatum  well  represented  PINUS  FLEXILIS/AGROPYRON  SPICATUI^  h.t.    (p.  24) 

2.     A.  spicatum  poorly  represented;  Juniperus  communis 

(or  J.  horizontalis)  well  represented  PINUS  FLEXILIS/JUNIPERUS  COMMUNIS  h.t. (p.  26) 
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B.     Key  to  Pinus  ponderosa 

Habitat  Types 

1 
1 

Prunus  virginiana  well  represented;  onlv  in  southeastern  Montana 

a.  Shepherdia  canadensis  well  represented  .   .  . 

b.  Shepherdia  poorly  represented  .... 
P.  virginiana  poorly  represented   

  PINUS  PONDEROSA/PRUNUS  VIRGINIANA  h. 

t . 

fp. 

34) 

2.     Symplioricarpos  albus  well  represented  

b.     Berberis  scarce   

2.     S.   albus  poorlv  represented   

h 

.  t . 

(p.  33) 

3 

3 

a.  Festuca  idahoensis  well  represented  or  F.  scabrella  coiranon  .   .                FESTUCA  IDAHOENSIS  phase 

b.  F.   idahoensis  poorly  represented  and  F.   scabrella  scarce  .    .    .                 AGROPYRON  SPICATUM  phase 
Purshia  poorly  represented    4 

.  t 

.  fp 

.  321 

4.     Festuca  idahoensis  well  represented  or  F.  scabrella  common  . 

  PINUS  PONDEROSA/ FESTUCA  IDAHOENSIS  h 

.t 

■(P 

.  31) 

a.  hestuca  scabrella  common   

b.  F.  scabrella  scarce   

4.     F.   idahoensis  poorlv  represented  and  F.   scabrella  scarce 

 S 

5 

Agropyron  spicatum  well  represented  .... 

•(P 

.  30) 

S 

A.   spicatum  poorly  represented;  Andropogon  spp.  well  represented 

  PINUS  PONDEROSA/ ANDROPOGON  h.t.(p.  30) 

C.     Key  to  Pseudotsuga  menziesii  Habitat  Types 

1 . 
1. 

Vaccinium  caespitosum  present   

V.  caespitosum  absent   

PSEUDOTSUGA  MENZI ESI  I /VACCINIUM  CAESPITOSUM 
2 

h 

.t  . 

(p.  39) 

2.  Physocarpus  malvaceus  or  Holodiscus  discolor  well  represented 

a.  Calamagrostis  rubescens  and/or  Carex  geyeri  are  the 
dominant  undergrowth   

b.  Physocarpus  and/or  Holodiscus  dominate  the  undergrowth. 
2.  Physocarpus  and  Holodiscus  poorlv  represented   

PSEUDOTSUGA  MENZIESI I/PHYSOCARPUS  MALVACEUS 

  CALAMAGROSTIS  RUBESCENS  phase 

  PHYSOCARPUS  MALVACEUS  phase 

3 

h 

.  t  . 

{p.  41) 

3. 
3. 

I  irm3o3    hrn~f*a  1  i  C    r- runin An 

PSEUDOTSUGA  MENZIESI I/LINNAEA  BOREALIS  h.t. 

  SYMPHORICARPOS  ALBUS  phase 

  VACCINIUM  GLOBUURE  phase 

4 

(P 

.  44) 

AM- 

4.  Vaccinium  globulare  or  Xsrophyllum  tenax  well  represented     .   .  . 

a.  Arctostaphy los  uva-ursi  and  Pinus  ponderosa  common     .  . 

b.  Xerophvllum  common   

c.  Not  as  above   

4.  Vaccinium  globulare  and  Xerophyllum  tenax  poorly  represented  .  . 

PSEUDOTSUGA  MENZIESI I /VACCINIUM  GLOBULARE  h 

  ARCTOSTAPHYLOS  UVA-URSI  phase 

  XEROPHYLLUM  TENAX  phase 

  VACCINIUM  GLOBULARE  phase 

S 

.  t 

•CP 

.  43) 

5. 
5. 

Symphoricarpos  albus  well  represented   

a.  Bunchgrasses  well  represented  in  old-growth  stands 

c.  Not  as  above   

PSEUDOTSUGA  MENZIESII /SYMPHORICARPOS  ALBUS 

  AGROPYRON  SPICATUM  phase 

  CALAMAGROSTIS  RUBESCENS  phase 

  SYMPHORICARPOS  ALBUS  phase 

6 

h. 

t.Cp.  45) 

a.  Bunchgrasses  well  represented  in  old-growth  stands 

b.  Arctostaphy los  uva-ursi  common;  sites  capable  of 
supporting  Pinus  ponderosa  and  not  too  dry  for 

Pinus  contorta  (or  Larix  occidentalis)   

6.  C.   rubescens  poorlv  represented   

PSEUDOTSUGA  MENZIESI I /CALAMAGROSTIS  RUBESCENS 
  AGROPYRON  SPICATUM  phase 

  ARCTOSTAPHYLOS  UVA-URSI  phase 

  PINUS  PONDEROSA  phase 

  CALAMAGROSTIS  RUBESCENS  phase 

7 

h. 

t.(p.  47) 

7. 
7. 

C.  geyeri  poorlv  represented   

PSEUDOTSUGA  MENZIESII/CAREX  GEYERI  h.t. (p. 
8 

51) 

8.  Arctostaphy los  uva-ursi  well  represented  and  Pinus  ponderosa 
8.  Arctostaphylos  poorly  represented  or  stands  above  elevational 

PSEUDOTSUGA  MENZIESI I/ARCTOSTAPHYLOS  UVA-URSI 
9 

h. 

t.(p.  52) 

9. 
9. 

Juniperus  communis  (or  J.  horizontalis)  dominates  the  undergrowth  . 
J.  communis  not  the  dominant  undergrowth  plant   

PSEUDOTSUGA  MENZIESII/JUNIPERUS  COMMUNIS  h. 
10 

t . 

(P- 

53) 

PSEUDOTSUGA  MENZIESI I /SPIRAEA  BETULIFOLIA  h 
11 

.t 

•(P 

•  52) 

11. 

Arnica  cordifolia  or  Antennaria  racemosa  the  dominant  undergrowth  . 

PSEUDOTSUGA  MENZIESII/ARNICA  CORDIFOLIA  h.t 

.(p. 

54) 

1 1 . 

A.  cordifolia  and  A.  racemosa  not  the  dominant  undergrowth    .   .   .  . 

12 

PSEUDOTSUGA  MENZIESI I /FESTUCA  SCABRELLA  h.t 
13 

.(p. 

38) 

13. 

Symphoricarpos  oreophilus  well  represented  and  Festuca  idahoensis 

13. 

PSEUDOTSUGA  MENZI ESI  I /SYMPHORICARPOS  OREOPHILUS 
14 

h.t. (p.  55) 

14.  F.  idahoensis  usually  scarce;  Agropyron  spicatum  well 

PSEUDOTSUGA  MENZIESI I/FESTUCA  IDAHOENSIS  h. 
PSEUDOTSUGA  MENZI ES 1 1 /AGROPYRON  SPICATUM  h. 

t . 
t . 

(P- 
fp- 

38) 
37) 

APPENDIX  F 

Montana  habitat  type  field  form  (for  3  plots) 


NAME 

DATE 

(CODE  DESCRIPTION) 

Plot  No. 

HORIZONTAL 

Location 

TOPOGRAPHY:  CONFIGURATION: 

CANOPY 

COVERAGE  CLASS: 

T,  R,  S 

1- 

Udge                       1 -Convex  (dry) 

0=Absent 

3=25  to  50% 

Elevation 

2- 

Jpper  slope  2-Straight 

T=Rare 

to 

1%    4=50  to  75% 

Aspect 

3- 

^id  slope                3-Concave  (wet) 

1  =  1  to 

5% 

5=75  to  95% 

Slope 

4- 

jOwer  slope  4-Undulating 

2=5  to 

25 

6=95  to  100% 

Topography 

5- 

Bench  or  flat 

NOTE: 
and  re 

Rate  trees  (>4"  dbh) 
gen  (0-4"  dbh)  separate 

Configuration 

6- 

Stream  bottom 

ly  (e.g.,  4/2) 

TREES    Scientific  Name 

Abbrev 

Common  Name 

Canopy  Coverage 

Class 

1 

2 
3 

Abies  grandis 
Abies  lasiocarpa 
Larix  lyallii 

ABGR 
ABLA 
LALY 

grand  fir 
subalpine  fir 
alpine  larch 

/ 
/ 
/ 

1 
1 
1 

/ 
/ 
/ 

4 
5 
6 

Larix  occidentalis 
Picea  engelmannii 
Picea  glauca 

LAOC 
PIEN 
PIGL 

western  larch 
Engelmann  spruce 
white  spruce 

/ 
/ 
/ 

1 
1 
1 

/ 
/ 
/ 

7 
8 
9 

Pinus  albicaulis 
Pinus  contorta 
Pinus  flexilis 

RIAL 
PICO 
PIFL 

whitebark  pine 
lodgepole  pine 
limber  pine 

/ 

1 
1 

1 
1 
1 

/ 
/ 
/ 

10 
11 
12 

Pinus  monticola 
Pinus  ponderosa 
Pseudotsuga  menziesii 

PIMO 
PIPO 
PSME 

western  white  pine 
ponderosa  pine 
Douglas-fir 

1 

1 
1 

L  / 
/ 
/ 

/ 
/ 
/ 

13 
14 
15 

Thuja  plicata 
Tsuga  heterophylla 
Tsuga  mertensiana 

THPL 
TSHE 
TSME 

western  redcedar 
western  hemlock 
mountain  hemlock 

1 
1 

1 
1 

1 

/ 
/ 

/ 

/ 

SHRUBS  AND  SUBSHRUBS 

1 
2 
3 

Alnus  sinuata 
Arctostaphylos  uva-ursi 
Berberis  repens 

ALSI 
ARUV 
BERE 

Sitka  alder 
kinnikinnick 
creeping  Oregon  grape 

4 

5 
6 

Cornus  canadensis 

Holodiscus  discolor 

Juniperus  conununis  (+  horizontalis) 

COCA 
HOD  I 
JUCO 

bunchberry  dogwood 

ocean  spray 

common  (+  creeping! 

iuniper 

7 
8 
9 

Ledum  glandulosum 
Linnaea  boreal  is 
Menziesia  ferruginea 

LEGE 
LI  BO 
MEFE 

Labrador  tea 
twinf lower 
menziesia 

10 
11 
12 

Oplopanax  horridum 
Physocarpus  malvaceus 
Prunus  virginiana 

OPHO 
PHMA 
PRVI 

devil's  club 

ninebark 

chokecherry 

13 
14 
15 

Purshia  tridentata 
Ribes  montigenum 
Shepherdia  canadensis 

PUTR 
RIMO 
SHCA 

bitterbrush 
mountain  gooseberry 
buf faloberry 

16 
17 
18 

Spiraea  betulifolia 
Syraphoricarpos  albus 
Symphoricarpos  oreophilus 

SPBE 
SYAL 
SYOR 

white  spiraea 
common  snowberry 
mountain  snowberry 

19 
20 
21 

Vacciniuiii  caespitosum 

Vaccinium  globulare  (+  membranaceum) 

Vaccinium  scoparium  (+  myrtillus) 

VACA 
VAGL 
VASC 

dwarf  huckleberr)' 
blue  huckleberry 
grouse  whortleberry 

::::::::: 

- 

PERENNIAL  GRAMINOIDS 

1 
2 
3 

Agropyron  spicatum 
Andropogon  spp. 
Calamagrost is  canadensis 

AGSP 

AND 

CACA 

bluebunch  wheatgrass 

bluestem 

bluejoint 

4 
5 
6 

Calamagrostis  rubescens 
Carex  geyeri 
Festuca  idahoensis 

CARU 
CAGE 
FEID 

pinegrass 
elk  sedge 
Idaho  fescue 

7 
8 

Festuca  scabrella 

Luzula  hitchcockii  (=  glabrata) 

FESC 
LUHI 

rough  fescue 
wood-rush 

PERENNIAL  FORBS  AND  FERNS 

1 

2 
3 

Actaea  rubra 
Antennaria  racemosa 
Aralia  nudicaulis 

ACRU 
ANRA 
ARNU 

baneberry 
woods  pussytoes 
wild  sarsaparilla 

4 
5 
6 

Arnica  cordifolia 
Athyrium  filix-femina 
Balsamorhiza  sagittata 

ARCO 
ATFI 
BASA 

heartleaf  arnica 
lady  fern 

arrowleaf  balsamroot 

7 
8 
9 

Clematis  pseudoalpina  (+  tenuiloba) 
Clintonia  uniflora 
Equisetum  arvense 

CLPS 
CLUN 
EQAR 

virgin's  bower 
queencup  bead  lily 
common  horsetail 

10 
11 
12 

Equisetum  spp. 
Galium  triflorura 
Gymnocarpium  dryopteris 

EQU 

GATR 

GYDR 

horsetails  5  scouring  rush 
sweetscented  bedstraw 
oak  fern 

13 
14 
15 

Senecio  streptanthifol ius 
Senecio  triangularis 
Smilacina  stellata 

SEST 
SETR 
SMST 

cleft -leaf  groundsel 
arrowleaf  groundsel 
starry  Solomon's  seal 

16 
17 
18 

Streptopus  amplexifolius 
Thalictrum  occidentale 
Valeriana  sitchensis 

STAM 
THOC 
VASI 

twisted  stalk 
western  meadowrue 
sitka  valerian 

19 

20 

Viola  orbiculata 
Xerophyllum  tenax 

VIOR 
XETE 

round-leaved  violet 
beargrass 
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SERIES 
HABITAT  TYPE 
PHASE 

I.     Key  to  Abies  lasiocarpa  Habitat  Types 

A.     Sites  at  or  above  the  cold  limits  of  Pseudotsuga  and 
also  meeting  one  of  the  following  criteria: 

(a)  Pinus  albicaulis  well  represented; 

(b)  Luzula  hitchcockii  present; 

(c)  Ribes  montigenum  present : 

(d)  Stands  at  upper  t imberl ine 

UPPER  SUBALPINn  AND  TIMBERLINK  h.t.s   17 

A.     Not  as  above 

LOWER  SUBALPINE  h.t.s   1 

1.     Oplopanax  horridum  well  represented   ABIES  LASIOCARPA/OPLOPANAX  HORRIDUM  h.t.    (p-  81) 

1.     Oplopanax  poorly  represented    2 

2.     Clintonia  uniflora  present   ABIES  LASIOCARPA/CLINTONIA  UTJIFLORA  h.t. (p.  82") 

a.     Aralia  nudicaul is ,  Gymnocarpium  dryopteris, 

or  Athyrium  filix-femina  coimnon    ARALIA  NUDICAULIS  phase 

b-     Menziesia  ferruginea  well  represented    MEN2IFSIA  FERRUGINEA  phase 

c.  Vaccinium  caespitosum  or  Arctostaphylos 

uva-ursi  common     VACCINIUM  CAESPITOSUM  phase 

d.  Xerophyllum  tenax  well  represented    XEROPHYLLUM  TENAX  phase 

e.  Not  as  above   CLINTONIA  UNIFLORA  phase 

2.     Clintonia  absent    3 

3.     Menziesia  ferruginea  well  represented   4 

5.     Menziesia  poorly  represented    5 

4.     Tsuga  mertensiana  well  represented   TSUGA  ^ERTENSIAI^A/MENZIESIA  FERRUGINEA  h.t.  (p.  94") 

4.     Tsuga  mertensiana  poorly  represented   ABIES  LASIOCARPA/flENZIESIA  FERRUGINEA  h.t.  (p.  92") 

S .     Calamagrostis  canadensis ,  Senecio  triangularis ,  or 

Ledum  glandulosum  well  represented   ABIES  LASIOCARPA/CALAJ-IAGROSTIS  CANADENSIS  h.t. (p.  88) 

a.  Galium  triflorum  or  Actaea  rubra  present   GALIUM  TRIFLORUM  phase 

b.  Vaccinium  caespitosum  present    VACCINIUM  CAESPITOSUM  phase 

c.  Not  as  above   CALAMAGROSTIS  CANADENSIS  phase 

S.     C.  canadensis ,  S_.  triangularis ,  and  Ledum  poorly 

represented    6 

6.     Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Actaea  rubra,  Streptopus  amplexifolius   ABIES  LASIOCARPA/GALIUM  TRIFL0RUI>1  h.t.  (p.  86) 

6.     Not  as  above   7 

7.     Vaccinium  caespitosum  present   ABIES  LASIOCARPA/VACCINIUM  CAESPITOSUM  h.t.  (p.  87) 

7,    V.  caespitosum  absent   8 

8.     Linnaea  boreal  is  common   ABIES  LASIOCARPA/LINNAFA  BOREALIS  h.t. (p.  90) 

a.  Xerophyllum  tenax  well  represented  XEROPHYLLUM  TENAX  phase 

b.  Vaccinium  scoparium  well  represented  VACCINIUM  SCOPARIUM  phase 

c.  Not  as  above  LINNAEA  BOREALIS  phase 

8.     Linnaea  scarce    9 

9.     Alnus  sinuata  well  represented    ABIES  LASIOCARPA/ALNUS  SINUATA  h.t. (p.  100) 

9.     A.  sinuata  poorly  represented   10 

10.     Xerophyl lum  tenax  common    11 

10.     Xerophyl lum  scarce    12 

11.     Tsuga  mertensiana  well  represented    TSUGA  ?ERTENSIANA/XEROPHYLLUM  TENAX  h.t.tp-  97) 

11-     Tsuga  mertensiana  poorly  represented   ABIES  LASIOCARPA/XEROPHYLLUr-l  TENAX  h .  t .  (p .  94) 

a.  Vaccinium  globulare  poorly  represented 

^"■^  Y.-   scoparium  abundant  VACCINmi  SCOPARIUM  phase 

b.  Not  as  above  VACCINIUM  GLOBULARE  phase 

12.     Vaccinium  globulare  well  represented   ABIES  LASIOCARPA/VACCINIUM  GLOBULARE  h.t. (p.  97) 

12.     V.  globulare  poorly  represented   13 

13.     Vaccinium  scoparium  (including  _V.  my_rtil  lus)  well 

represented   ABIES  LASIOCARPA/VACCINIUM  SCOPARIUM  h . t .  (p .  98) 

a.  Calamagrostis  rubescens  common  and 
Arctostaphylos  uva-ursi  or  Berberis  repens 

present    CALAMAGROSTIS  RUBESCENS  phase 

b.  Thalictrum  occidentale  common  or 

Viola  orbiculata  or  Valeriana  sitchensis 

present    THALICTRUM  OCCIDENTALE  phase 

c.  Not  as  above  VACCINIUM  SCOPARIUM  phase 

13.     V.  scoparium  poorly  represented   14 

•    Clematis  pseudoalpina  (including  C.  tenuiloba)  present 
or  Pinus  flexilis  common.     (Sites  usually  on  calcareous 

substrates.)    .   ABIES  LASIOCARPA/CLEf-lATIS  PSEUDOALPINA  h.t.  (p.  102) 

14.    C_.  pseudoalpina  absent  and  Pinus  f lexil is  scarce   15 

IS.     Calamagrostis  rubescens  well  represented   ABIES  LASIOCARPA/CALAMAGROSTIS  RUBESCENS  h.t. (p.  101) 

15.     C^.  rubescens  poorly  represented   16 

16.    Carex  geyeri  well  represented  under  wel 1 -developed  forest 

canopies    ABIES  LASIOCARPA/CAREX  GEYERI  h.t. (p.  105) 

a.  Pseudotsuga  well  represented;  Carex  geyeri 
sharing  dominance  in  the  undergrowth  with 

forbs  such  as  Thalictrum  PSEUDOTSUGA  MENZIESII  phase 

b.  Pseudotsuga  poorly  represented;  undergrowth 

dominated  by  C.  geyeri  alone  CAREX  GEYERI  phase 

16.     C.   geyeri  poorly  represented^   ABIES  LASIOCARPA/ARNICA  CORDIFOLIA  h.t.  (p.  103) 

17.     Abies  lasiocarpa  and  Picea  engelmannii  scarce  and 

Pinus  albicaulis  the  indicated  climax.   PINUS  ALBICAULIS  h. t . s . (p .  1 14) 

17.     Not  as  above   18 

18.     Timberline  habitats;  Abies  lasiocarpa  stunted; 

Pinus  contorta  and  Menziesia  ferruginea  absent    19 

18.     Forest  habitats;  Abies  lasiocarpa  tall  (generally 

50  feet  or  more  at  maturity)   20 

19.     Larix  lyallii  present   LARIX  LYALLI I -ABIES  LASIOCARPA  h.t.s.  (p.  112) 

19.     Larix  lyallii  absent    PINUS  ALBICAULIS-ABIES  LASIOCARPA  h.t.s  (p.  Ill) 

20.    Calamagrostis  canadensis ,  Senecio  triangularis,  or 

Ledum  glandulosum  well  represented   ABIES  LASIOCARPA/CALAIIAGROSTIS  CANADENSIS  h.t.  (p.  88) 

20.     C.  canadensis ,  £.  triangularis ,  and  Ledum 

poorly  represented    21 

21.     Luzu I a  hitchcockii  present  or  Men z i e s i a  ferruginea 

well  represented   22 

21.     L^.  hitchcockii  absent  and  Menziesia  poorly  represented  ...  23 

22.     Tsuga  mertensiana  well  represented   TSUGA  MERTENSIANA/LU2ULA  HITCHCOCKII  h.t. (p.  110) 

a.  Menziesia  ferruginea  well  presented    MENZIESIA  FERRUGINEA  phase 

b.  Menziesia  poorly  represented    VACCINIUM  SCOPARIUM  phase 

22.     Tsuga  mertensiana  poorly  represented    ABIES  LASIOCARPA/ LUZULA  HITCHCOCKII  h.t. (p.  108) 

a.  Menziesia  ferruginea  well  represented    MENZIESIA  FERRUGINEA  phase 

b.  Menziesia  poorly  represented  VACCINIUM  SCOPARIUM  phase 

23.     Vaccinium  scojarium  (including  V.  myrtillus]  ABIES  LASIOCARPA-PINUS  ALBICAULIS/VACCINIUM  SC0PARIU^1 

Carex  geyeri  well  represented    h.t. (p.  107) 

23.     Not  as  above;  Ribes  montigenum  present    ABIES  LASIOCARPA/RIBES  MONTIGENUM  h.t. (p.  106) 


D.     Key  to  Picea  Habitat  Types 

1.   Equisetum  spp,  abundant    PICEA/EQUISETUM  ARVENSE  h.t.(p.  58) 

Equisetum  spp.  not  abundant    2 

2.  Clintonia  uni flora,  Cornus  canadensis ,  or  Aralia  nudicaulis 

present  (sites  in  northwestern  Montana)  PICEA/CLINTONIA  UNIFLORA  h.t.(p.  59) 

a.  Vaccinium  caespitosum  present    VACCINIUM  CAESPITOSUM  phase 

b.  V^.   caespitosum  absent  CLINTONIA  UNIFLORA  phase 

2.  Not  as  above  3 

3.  Physocarpus  malvaceus  well  represented    PICEA/PHYSOCARPUS  MALVACEUS  h.t.(p.  61) 

3.  Physocarpus  poorly  represented    4 

4.  Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Streptopus  amplexifolius ,  Actaea  rubra    PICEA/GALIUM  TRIFLORUM  h.t.(p.  62) 

4.  Not  as  above  5 

5.  Vaccinium  caespitosum  present    PICEA/VACCINIUM  CAESPITOSUM  h . t . (p .  62) 

5.  V.   caespitosum  absent    6 

6.  Linnaea  boreal  is  common  PICEA/LINNAEA  BOREALIS  h.t.(p.  64) 

6.  Linnaea  scarce    7 

7.  Smilacina  steUata  or  Thalictrum  occidentale  present  PICEA/SMI LACINA  STELLATA  h.t.(p.  65) 

7.  Not  as  above;  Senecio  streptanthifolius  present;  undergrowth 

depauperate    PICEA/SENECIO  STREPTANTHIFOLIUS  h.t.(p.  63) 

a.  Pseudotsuga  menziesii  common    PSEUDOTSUGA  MENZIESII  phase 

b.  Pseudotsuga  scarce  (stands  above  its  elevational  limits)   ....     PICEA  phase 


E.     Key  to  Abies  grandis  Habitat  Types 

Clintonia  uniflora  present                                                                             ABIES  GRANDIS/CLINTONIA  UNIFLORA  h.t.(p.  67) 

a.  Aral ia  nudicaulis ,  Gymnocarpium  dryopteris ,  or 

Athyriuni  filix-  femina  common   ARALIA  NUDICAULIS  phase 

b.  Xeropliyllum  tenax  well  represented   XEROPHYLLUM  TENAX  phase 

c.  Not  as  above   CLINTONIA  UNIFLORA  phase 

Clintonia  absent    2 

2.  Linnaea  borealis  common                                                                             ABIES  GRANDIS/LINNAEA  BOREALIS  h.t.(p.  69) 

a.  Xerophyllum  tenax  well  represented    XEROPHYLLUM  TENAX  phase 

b.  Xerophyllum  poorly  represented    LINNAEA  BOREALIS  phase 

2.   Linnaea  scarce;  Xerophyl lum  common                                                          ABIES  GRANDIS/XEROPHYLLUM  TENAX  h.t.(p.  69) 


F.   5  G.     Key  to  Thuja  and  Tsuga  heterophy 1  la  Habitat  Types 

1.  Oplopanax  horridum  well  represented    THUJA  PLICATA/OPLOPANAX  HORRIDUM  h. t . (p.  73) 

1.  Oplopanax  poorly  represented    2 

2.  Tsuga  heterophy 11a  present  and  reproducing  successfully  ....      TSUGA  HETEROPHYLLA/CLINTONI A  UNIFLORA  h.t.(p.  74) 

a.  Aralia  nudicaulis,  Gymnocarpium  dryopteris ,  or 

Athyrium  filix- femina  common    ARALIA  NUDICAULIS  phase 

b.  Not  as  above   CLINTONIA  UNIFLORA  phase 

2.  Tsuga  heterophy 11a  absent  or  not  reproducing  successfully  .   .   .      THUJA  PLICATA/CLINTONI A  UNIFLORA  h.t.(p.  71) 

a.  Aralia  rudicaul is ,  Gymnocarpium  dryopteris,  or 

Athyrium  filix- femina  common    ARALIA  NUDICAULIS  phase 

b.  Menziesia  ferruginea  common    MENZIESIA  FERRUGINEA  phase 

c.  Not  as  above   CLINTONIA  UNIFLORA  phase 


H.     Key  for  Pinus  contorta  Communities 

1.  Clintonia  uniflora  present    ABIES  LASIOCARPA/CLINTONIA  UNIFLORA  h.t.(p.  82) 

1.  Clintonia  absent    2 

2.  Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Actaea  rubra,  Streptopus  amplexifolius   ABIES  LASIOCARPA/GALIUM  TRIFLORUM  h . t .  (p .  86) 

2.  Not  as  above   3 

3.  Calamagrostis  canadensis  well  represented    ABIES  LASIOCARPA/CALAMAGROSTIS  CANADENSIS  h.t.(p.  88) 

3.  C.   canadensis  poorly  represented    4 

4.  Vaccinium  caespitosum  present    PINUS  CONTORTA/VACCINIUM  CAESPITOSUM  comm.  type(p,  118) 

4.  V.   caespi tosum  absent   5 

5.  Linnaea  borealis  common    PINUS  CONTORTA/LINNAEA  BOREALIS  comm.  type(p.  119) 

5.  Linnaea  scarce    6 

6.   Xerophyllum  tenax  common    ABIES  LASIOCARPA/XEROPHYLLUM  TENAX  h.t.(p.  94) 

6.   Xerophyl lum  scarce    7 

7.  Vaccinium  globulare  well  represented    ABIES  LASIOCARPA/VACCINIUM  GLOBULARE  h.t.(p.  97) 

7.  V.  globulare  poorly  represented    8 

8.  Vaccinium  scoparium  well  represented    PINUS  CONTORTA/VACCINIUM  SCOPARIUM  comm.  type(p.  119) 

8.  V.  scoparium  poorly  represented    9 

9.  Calamagrostis  rubescens  well  represented    PINUS  CONTORTA/CALAMAGROSTIS  RUBESCENS  comm.  type(p.  120) 

9.  C.   rubescens  poorly  represented    10 

10.  Carex  geyeri  well  represented    ABIES  LASIOCARPA/CAREX  GEYERI  h.t.(p.  105) 

10.  £.  geyeri  poorly  represented    II 

11.  Juniperus  communis   (or  J.  horizontalis)   the  major  undergrowth     .    .  PSEUDOTSUGA  MENZIESI I/JUNI PERUS  COMMUNIS  h.t.(p.  53) 

11.  Not  as  above;  Purshia  tridentata  present    PINUS  CONTORTA/PURSHIA  TRIDENTATA  h.t.(p.  117) 


